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ABSTRACT 
The Ruby Mountain gneiss is an isolated lens of deformed and 
recrystal1ized gabbroic anorthosite which appears to be an outlier 
of the Thirteenth Lake anorthosite dome. 
Garnet porphyroblasts up to eight centimeters in diameter and 
ellipsoidal garnet shells (coronas) around cores of brown hornblende 
and ilmenite developed through two discrete reactions, namely: 
(1)  Garnet porphyroblasts: 
•
2
^19N^63Cal.7SNa2.51^.01,:^.19F^T^13A12.33Si3.93022(OH)2 
green  hornblende 
+
   •
5Ca
.88Na.0SM8.74Fc.22Ti.01A1.15Si1.92°6 
metamorphic  clinopyroxene 
+
   •
1Msi.22Fe.76Ca.0^.01A1.07Sl1.93°6 
metamorphic  orthopyroxene 
♦ 1.1K  n7Na   ._Ca   __A1.   ..Si,   ._0fi     -     l.lFe2 
.02      .45     . 5J     1 .5.>     2.478 
matrix  plagioclase 
 > 
1
-
1Fe1.52M8.88Ca.55Nln.04A12(SiO4)3  *   1-8Si02   +   •2H2° 
garnet quartz 
♦     .8Ca+"     ♦      . 1K +     r     .7Na*"     +   .10., 
(2)     Garnet   coronas: 
. ~> ♦ j 
5K
.27Na.51Cai.77ME2.59Fcr.l4Fe.55Mn.01Tl.:4A12.3(3Sl5.30O2:(OH   >2 
brown  hornblende 
02      .45     .53     1.55     2.47   8 K  _Na   _Ca   ,,A1,   ^.Si-   ,_0„     *     1.2Fe  "     *     . lMn / 
matrix plagioclase 
1
-
4Fc1.50^.82Ca.60Mn.07A12(SiO4)5  '  -8Sl°2 
garnet quart; 
*  •
2K
.02Na.49Ca.49A11.49Si2.51°8+ •SH20+ •5Ca+2+ " 1Ti+3 * '^^ '6Na 
plagioclase contiguous with 
outer edge of corona garnet 
Electron microprobe analysis of the garnet porphyroblasts re- 
vealed that the smaller discrete garnets are chemically inhomogeneous, 
with Fe- and Mn-enriched cores and Mg- and Ca-enriched rims, whereas 
the larger porphyroblasts are essentially homogeneous.  Moreover, 
the larger chemically homogeneous porphyroblasts are significantly 
more Fe-rich than the smaller chemically ;oned garnets.  It is 
concluded that the larger garnets nucleated relatively early and • 
♦ 2 preferentially incorporated Fe  into the garnet structure so that 
the system was depleted in that component.  The high internal homo- 
geneity of the large garnets is attributed to internal re-equilibra- 
tion at elevated temperature over a relatively long period of time. 
The Ruby Mountain anorthositic gneiss records not only the 
nucleation and growth of garnet but also its subsequent partial 
depletion through late-stage reaction.  Two such reactions were 
recognized, namely: 
(1) Garnet   porphyroblasts: 
K
.02Na.45Ca.53A11.53Si2.47°8   +   Fci.44M* .89°*.64Mn.03A12(Si°4>3 
matrix  plagioclasc garnet 
♦  SiO.,     *     -4Mg*2 
quartz 
 > 
Mg1.28Fe.b8Ca.02Nln.01A1.10Sl1.93Ob 
orthopyroxene 
«-     2Na   .,Ca ,_A1,   , ,Si     ,0       *     .S\:c*~ 
. JJ     .67     1.6/      2. J>3  8 
plagioclasc adjacent to 
garnet porphyrob last 
(2) Garnet coronas: 
•
5K
.27Na.51Cai.77M82.39Fei244Fe*55'"ln.01Ti.24A12.36Si5.84O22(O,r)2 
brown hornblende 
+
  
2Fe1.52M«.77Ca.64N,n.06A12(Si03)4  *  CaTiSi°5 
garnet (outer edge of corona)      sphene 
■•"3      ♦ 3        + 
+ . 3A1    +  Ti    «•  .6Na 
2K
.01Na.44Ca.55A11.55Sl2.45°8 + 2Tl . 94Fei. 00'^. 05^ . 01°3 
plagioclase (polycrystalline ilinenite 
shell at garnet-hornblende 
interface) 
+
 
1
-
2Fei.53MS.80Ca.59hln.06A12(SiO3J4 +  2'2Si02  +  ■3H2° 
garnet (inner edge of corona) quartz 
♦ ">        +2 ♦ 
+  1.4Ca ~  »  1.7Mg    * .IK . 
The following reaction involving green hornblende as a 
reactant was apparently contemporaneous with the late-stage 
reactions involving garnet as a reactant: 
•
5K
.17Na.63Cai.75%.52Fci.l8Fe.34Mn.01Ti.l.JA12.34Sl5.93°22(O,r)2 
green  hornblende 
*     
K
.01Na.46Ca.53A11.53Sl2.4b°8   *   -5Sl°2   +   "1Tl"   *   '4M^ 
plagioclase quart: 
 > 
1
-
2M
«1.33Fc.65Ca.02Mn.01A1.06Si1.94°6  *  -^aTiSiC^ 
orthopyroxene sphene 
♦  1.5Na -cCa „A1. _cSi  .c0o  ♦  .511,0  ♦  . 4Na*  *  .1K+. 
.25  ./5  1.75  2.25 8       2 
plagioclase 
..   „Gt-Cp - 
Metamorpluc temperature based on ^nfFl\ f°r co-existing garnet 
and clinopyroxene using the equations of Ellis and Green (1979) and 
Saxena (1979) and an assumed pressure of 8 Kbars are 723°C and 772°C, 
respectively.  These temperatures are in accord with the estimated 
temperatures of other Adirondack anorthositic rocks. 
INTRODUCTION 
Ruby Mountain consists in part of a garnetiferous anorthositic 
gneiss of potential interest as a source of abrasive-grade garnet. 
The gneiss contains coronas of garnet around ilmenite, hornblende, 
and plagioclase and porphyroblasts of garnet up to eight centimeters 
in diameter; its medium- to coarse-grained matrix consists of 
plagioclase, hornblende, diopsidic augite, hypersthene, ilmenite, 
and biotite, with minor quartz, sphene, rutile, and apatite.  The 
garnet gneiss crops out in the form of a lenticular body which is 
surrounded by moderately foliated syenitic granulite.  The petro- 
graphic character of the gneiss varies on a scale of several meters 
from anorthositic gabbro to gabbroic anorthosite. 
The garnet-bearing gabbroic anorthosite is located on the 
southwest slope of Ruby Mountain, which is in the southeastern 
Adirondack Highlands of New York State, approximately eight kilo- 
meters northwest of the commercial garnet deposit operated by the 
Barton Mines Corporation at Gore Mountain.  Ruby Mountain is in the 
Thirteenth Lake Quadrangle of New York State and lies astride the 
Hamilton County-Warren County boundary.  Figure 1 is an index map 
showing the location of the Ruby Mountain gneiss. 
The nearby garnetiferous metagabbro at Gore Mountain has been 
the subject of several studies, the most recently of which is by 
Luther (1976), and its geological history differs from that of the 
Figure 1.  Index map showing location of the Ruby Mountain 
garnetiferous gabbroic anorthosite in New York 
State.  The Adirondack Mountain region is out- 
lined . 
Ruby Mountain gneiss.  Previous studies on the Ruby Mountain gneiss 
have led to two hypotheses for its origin.  Miller (1938) proposed 
that the lens-shaped Ruby Mountain garnet-bearing gneiss represents 
a heterogeneous mixture resulting from the assimilation of a 
gabbroic xenolith by an anorthositic magma.  He further suggested 
that this lens was later assimilated by an intruding sycnitic magma. 
Levin (1950) offered another genetic interpretation of the Ruby 
Mountain gneiss, differing from Miller's in that, instead of invok- 
ing two rock types assimilated by syenite, he proposed that xenoliths 
of gabbroic anorthosite were peripherally hybridised and internally 
reconstituted by intruding syenite. 
A reexamination of the petrological evolution of this garneti- 
ferous anorthositic gneiss was undertaken because the earlier studies 
were based only on cursory field work which was limited by the lack 
of outcrops.  The three-dimensional reference base made available 
by drill-core samples from a diamond-drilling program carried out 
by the Barton Mines Corporation and the detailed geochemical data 
provided by the electron microprobe have yielded new insights into 
the petrological history of the deposit. 
FIELD AND ANALYTICAL METHODS 
All field work for this study was carried out at Ruby Mountain 
on the property of the Barton Mines Corporation.  The objectives of 
the field work were (1) to study contacts between the garnet-bearing 
anorthositic gneiss and the surrounding sycnitic granulitc, (2) to 
study the spacial distribution of garnet in the gneiss, and (5) to 
study the time relationship between garnet growth and the de forma - 
tional history of the gneiss. 
Samples for detailed petrographic and geochemical study were 
selected from the diamond-drill cores obtained by the Barton Mines 
Corporation.  A total of four weeks were dedicated to field studies 
and sample selection. 
Thirty-one polished thin sections were studied by standard 
transmission and incident-light petrographic methods.  The micro- 
scopic investigation revealed the mineralogy and texture which, in 
turn, resulted in constraints on the interpretation of the timing of 
mineral crystallization relative to deformation. 
Electron microprobe analyses of the major phases, including 
chemical zoning profiles of several garnet porphyroblasts, were 
obtained at the Mineral Sciences Division of the American Museum 
of Natural History in New York City.  The instrument was an Applied 
Research Laboratories electron microprobe equipped with eight wave- 
length dispersive spectrometers; data were corrected for atomic 
number, absorption, and fluorescence by the method of Bence and 
Albee.  Standards used were  1) Gore Mountain garnet for the Fe, Mg, 
Ca, Mn, Al, and Si in garnet,  2) two plagioclases (Si, Na, Al, Ca), 
microcline (K), and augite (Fe, Ti, Mg) for feldspars,  3) four 
pyroxenes (Si, Ti, Al, Cr, Mn, Mg, Ca), fayalitc (Fe) and albite 
(Na) for the pyroxenes,  4) ilmenitc (Ti), magnetite (Fe), several 
chromites (Al, Cr, V, Mg), olivine (Mn), and augite (Si, Ca) for 
iron-titanium oxides,  5) an amphibole standard for the Si, Al, Fe, 
Mn, Mg, Ti, Ca, Na, and K of the amphibole, and 6) a biotite stan- 
dard for the Si, Al, Fe, Mn, Mg, Ti, Ca, Na, and K in biotite. 
Operating conditions were 15 KeV, a sample current of 10 nanoamperes, 
and a counting interval of 20 seconds. 
Two whole-rock chemical analyses were obtained from the X-ray 
Assay Laboratories in Don Mills, Ontario, Canada.  X-ray fluorescence 
was employed for all elements.  The percentage of Fe.,0, was then 
determined by taking the difference between total iron from the XRF 
analysis and a wet chemical analysis for FeO. 
The green and brown hornblendes in the gneiss were analyzed 
by wet chemical methods by the X-ray Assay Laboratories of Don Mills, 
Ontario.  The analyzed samples were prepared in the following 
manner: 
1) A whole-rock sample was ground in a Spex mill. 
2) The -200 +230 mesh size range was separated on sieves from 
coarser and finer fractions. 
3) Hornblende was isolated from the other phases by 
heavy-1iquid separation of the -200 *250 mesh 
fraction using two liquids with a density of 
3.0 and 3.3. 
4)  The green and brown hornblendes were separated 
from each other with a Frantn high-intensity 
magnetic separator (30° front slope, 20° side 
slope, .016 amps current).  Despite repeated 
passes through the magnetic separator, complete 
segregation of green from brown hornblende was 
not achieved.  The final samples prepared for 
chemical analysis had the following ratios of 
brown to green hornblende as determined 
petrographically: 
magnetic fraction:  691> brown/51 %  green 
non-magnetic fraction: 17%  brown/52°o green 
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REGIONAL GEOLOGY 
The Adirondack Highlands 
The Adirondack Mountain region of New York State is divided 
into the Northwest Lowlands and the Central Highlands.  The boundary 
between the Lowlands and the Highlands is a major shear zone along 
which the Highlands are relatively upthrown. 
The Highlands region contains two major areas which are under- 
lain by anorthosite.  The main anorthosite massif is in the north- 
eastern section of the Highlands and contains the High Peaks includ- 
ing Mt. Marcy which has the highest elevation in the state.  Approxi- 
mately thirty kilometers south of the southern boundary of the main 
massif is the second region of anorthositic domes.  The Ruby 
Mountain meta-anorthosite is a subsidiary lens associated with one 
of these anorthositic domes known as the Thirteenth Lake Dome. 
The major rock types of the region are anorthosite, syenitic 
gneisses, metasediments of various compositions, and metagabbro. 
The geologic history of the Adirondack Highlands is controver- 
sial, but several of the major theories will be discussed here. 
The geological interpretations of W. J. Miller (1914, 1938) 
formed the basis of many of the ideas on the geology of the Adiron- 
dack Highlands during the first quarter of this century.  His models 
called for the early intrusion of a gabbroic magma which, with 
crystal settling, gave rise to gabbro with peridotite and an 
11 
anorthositic magma.  Solidification of the gabbroic-anorthositic 
melt was thought to be followed by a distinctly younger intrusion 
of syenitlc-granitic magma.  The interpretation of the Adirondack 
igneous rocks, by Buddington (1939), is similar to that of Miller 
in its general characteristics.  It involved the initial intrusion 
of a gabbroic anorthositic magma into Grenville sediments.  The 
gabbroic anorthosite "border facies" (Whiteface-type) constituted 
the chill zone of this magma, and partial crystal settling resulted 
in an overlying true anorthosite body (Marcy-type).  Buddington 
believed that the quartz-syenitic magma represented a distinctly 
later intrusive event.  Walton and DeWaard (1965) challenged the 
intrusive nature of the anorthosite series and claimed to have 
found field evidence that the anorthositic series constituted a 
basement upon which Grenville sediments were later deposited.  The 
more recent investigations of McLelland and Isachsen (1980) have 
given support to the earlier model of Buddington; that is, they 
found evidence in the field that suggests that the anorthosite and 
gabbroic anorthosite acturally intrude Grenville sediments. 
Much of the work published in the last decade or so assumes 
a general model of Adirondack Highland geology similar to the early 
models of Miller and Buddington.  The emphasis of this more recent 
work has been on the tectonic environment in which the anorthosite 
was emplaced (see section on "Regional Geology - Tectonic Setting of 
the Adirondack Anorthosite") and on what constitutes a geologically 
12 
reasonable source ^iagrna for the anorthosite.  In addition, con- 
siderable controversy has been generated as to whether the "granitic- 
syenitic" or "charnockitic" suite is distinctly younger than the 
rocks of the anorthositic series or whether the charnockite and 
the anorthosite arc, in fact, comagmatic. 
Anorthosite 
The igneous nature of the anorthosite and gabbroic anorthosite 
is supported by igneous textures (Isachsen, 1969), intrusive rela- 
tionships (Buddington, 1939, 1952), and igneous differentiation 
trends (Green, 1969; Yoder, 1969; Heath and Fairbairn, 1969). 
Could, however, the anorthosite or gabbroic anorthosite plutons 
themselves represent parental magmas? Wiebe (1979) presented 
evidence that one of the major parent magma types of the Nain 
Complex is anorthositic in composition; he found a suite of anortho- 
sitic dikes which can be traced to a massive leuconorite intrusion 
of nearly identical composition.  Buddington (1939, 1972) believed 
that gabbroic anorthosite is a parental magma for the anorthosite 
series.  Actually, both anorthosite and gabbroic anorthosite have 
unlikely compositions for an anhydrous magma; dry crystallization 
of plagioclase of composition An  would require a minimum tempera- 
ture of 1450°C.  More geologically reasonable physical conditions 
are related to crystal fractionation from a less pure parent magma 
and/or to the introduction of II 0 into the magma. 
13 
Although anorthositic liquid can be generated from basaltic 
material under both hydrous and anhydrous conditions (Voder, 19SS, 
1969), Voder has shown that geologically more reasonable tempera- 
tures are encountered when a high water pressure is added to the 
system diopsidc-anorthite.  Anorthositic liquid can be produced from 
partial melting of hydrous basaltic material at depths of middle 
crust to upper mantle.  The strong differentiation trend of iron- 
enrichment, however, suggests that the magma crystallized at 
essentially constant bulk composition, an unlikely condition in a 
magma whose 0  is buffered by H-,0 (Lindsley, 1969).  In the dry 
system, a high load pressure will shift the eutectic towards 
anorthite.  If the magma were rapidly decompressed, large amounts 
of anorthite would presumably crystallize on cooling.  Lindsley 
(1969) and Emslie (1978), however, have shown that the shift is not 
sufficient to produce an anorthositic pluton from a dry gabbroic 
magma. 
Isotopic data favors the interpretation that the parent magma 
is gabbroic.  Sr  / Sr  ratios are within the range of values for 
continental basalts (Heath and Fairbairn, 1969) and 0  / 0  ratios 
are also in the basalt-gabbro range (Isachsen, 1969; Emslie, 1978). 
There are, however, several factors working against the thesis of 
a gabbroic parent magma:  1) there is no field or gravimetric evi- 
dence for the required mafic differentiates,  2) the high Fe.,0, 
content in primary hemo-ilmenite indicates more oxidizing conditions 
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than typify basalts,  5) the normative En/An ratios for plutonic 
anorthosites are higher than those of anorthosites in layered intru- 
sions, and 4) plutonic anorthosites are restricted to the Pre- 
cambrian,whereas there is a wide range of ages for basaltic rocks 
(Isachsen, 1969). 
Morse (1972) proposed a low-potassium, high-aluminum basalt 
as the parent magma of anorthosites, based on the extrapolation of 
the potassium content of the plagioclase to the original potassium 
content of the parent magma.  Barker, et al. (1975) believe that 
the Pikes Peak batholith was produced by reaction between basaltic 
magma of mantle origin and a partially-melted lower to intermediate 
crust.  As pyroxene and olivine crystallized, the primary basaltic 
magma became highly iron-enriched and, at the same time, moderately 
enriched in Al-,0_ and Na.,0 from partial melting of the crust; this, 
according to Barker, et al., resulted in optimum conditions for 
crystallization and accumulation of intermediate plagioclase.  Along 
a similar line, Emslie (1978) proposed that olivine tholeiite magmas 
generated in the mantle fractionate near the base of the cratonic 
crust to produce high-Al tholeiitic magmas.  Partial melting of the 
lower crust combined with the buoyant forces of the magma allow the 
high-Al gabbroic melt to rise into the crust; anorthosite massifs 
develop from these magmas by plagioclase fractionation. 
It is possible that anorthosites are derived from the alkalic 
or calc-alkalic suites rather than the tholeiitic series.  Voder 
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(1969) has shown that plagioclase is the liquidus phase for the 
more iron-rich members of the alkali basalt and calc-alkali 
series.  Bmslie (1975), while developing a model whereby anorthosite 
is generated along the flanks of orogenic belts, presented chemical 
evidence that the Adirondack anorthositic rocks (including the 
Thirteenth Lake suite) have calc-alkalic trends.  DeWaard and 
Wheeler (1971), who contend that the anorthositic suite is comag- 
matic with the charnockitic suite, have proposed a granodioritic 
parent magma for all of these rocks.  According to this theory, 
fractional crystallization gave rise to a magma that was stratified 
with respect to density; the silicic portion was at the top, grading 
downward into magmas of leuconoritic, noritic, and troctolitic com- 
positions . 
Other modes of origin have been proposed for the anorthosite 
massifs.  Some Soviet geologists, for example, believe that the 
Siberian anorthosite massifs are relics of a primeval crust 
(Duchesne and DeMaiffe, 1978).  Gresens (197S) has proposed a model 
of anorthosite genesis from evaporites.  He suggested that the 
dominance of carbonates and shales in the Grenville metasedimentary 
series indicates an environment appropriate for the deposition of 
evaporites.  Heath and Fairbairn (1969) have studied whole-rock 
Sr  / Sr  ratios in anorthositic rocks.  The results are within 
the range of continental basalts (.704 to .706) and suggest a magma 
derived from the upper mantle or lower crust.  Had the anorthosite 
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been derived by anatexis of sediments, Heath and Fairbairn argue, 
the Sr  / Sr  ratios would be variable with a minimum of .705 (the 
value for 1.0 b.y. old sea water).  Gresens challenged this inter- 
pretation, contending that the radiometric dates give the date of 
fusion or metamorphism rather than the age of the original sedi- 
ments, and that there is an uncertainty in extrapolating the 
empirical graph of Sr  / Sr   (Heath and Fairbairn, 1969) into the 
Precambrian. 
Chamockite 
Charnockite refers to a suite of rocks of presumed igneous 
origin.  Variations within the series and a lack of agreement on 
nomenclature have yielded several rock names for members of this 
suite; jotunite, mangerite, quartz mangerite, syenite, granite, 
syenitic granulite, and charnockite are some of the names used by 
various investigators to describe these rocks.  These charnockites 
are commonly associated with anorthosite massifs (often in a con- 
centric relationship with charnockite surrounding anorthosite 
bodies) and have intrusive features.  They should not be confused 
with charnockitic rocks that occur in sheets, interlayered with 
metasedimentary gneisses, marble, and quartzite; these charnockitic 
rocks are probably metavolcanics. 
As previously mentioned, there is considerable debate as to 
whether the charnockite suite is comagmatic with the anorthositic 
suite or represents a distinctly younger, unrelated intrusive event 
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DeWaard and Romey (1969) interpreted the sequence from anorthosite 
to norite to charnockite as completely gradational and proposed 
that either the anorthosite and charnockite are comagmatic or that 
part of the magma was formed by anatexis.  Subsequently, Delvaard 
and Wheeler (1971) suggested that a granodioritic magma gave rise 
to acidic, anorthositic, and noritic rocks by fractional crystalli- 
zation.  The idea of comagmatism of the two series was also pro- 
fessed by Balk (1930) who believed that the syenitic magma was the 
"mother liquor" squeezed from a crystal mush which formed the 
anorthosite.  Yoder (1969) showed that it is conceivable that the 
anorthositic plagioclase separated from a liquid rich in alkalis 
and that this liquid formed the associated syenitic rocks.  Letteney 
(1969) proposed that the Thirteenth Lake anorthositic suite and 
associated charnockite are comagmatic, although his data show a 
discontinuity between the chemical differentiation trends of the 
two series.  The consistent spacial association of the two series 
and the lithological gradation between them are the two most com- 
pelling reasons for believing that they are genetically related. 
Buddington (1972) has led the opposition to the theory of 
comagmatism of the chamockitic and anorthositic suites.  He has 
pointed out that plots of major oxides against differentiation 
indices are discontinuous, suggesting two independent magma series. 
He proposed that a gabbroic anorthositic magma was generated in the 
lower crust, and a quart: mangeritic magma was generated at a later 
time in the upper crust.  As further evidence of the magmatic 
independence of the two series, Buddington noted that the relative 
proportions of anorthositic and mangeritic rocks varies considerably 
from one complex to another; the amount of quart; mangeritic rocks 
varies from 20°., to 90°o of the total rock in a complex. 
Morse (1972) agreed that there are natural breaks within the 
chemical differentiation trends of the two suites, and also proposed 
two separate parent magmas.  In support of the theory of two distinct 
magmas, Simmons and Hanson (1978) argued that the charnockitic rocks 
associated with the anorthosites should be depleted in tu if they 
are derived by fractional crystallization from the same parent magma 
as the anorthosite; in fact, these rocks rarely exhibit large nega- 
tive Eu anomalies.  Moreover, Sr  / Sr  ratios for Adirondack 
anorthosites are lower than the ratios for the mangeritic rocks, in- 
dicating either that they were derived from different sources or that 
they have been contaminated (Barton and Doig, 1977).  Isachsen (1969) 
outlined several other features that suggest that the two series are 
not co-magmatic;  1) hybrid rocks are not only produced where 
anorthosite borders meta-igneous charnockite, but also where 
anorthosite borders metasedimentary rocks,  2) pyroxene compositions 
vary unsystematically in the zone between the anorthosite and the 
charnockite, suggesting that the zone represents a hybrid rock, 
3) the composition of the plagioclase is discontinuous between the 
two series,  4) the Ba/K ratio suggests that the residual liquid 
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from anorthosite formation would be too poor in K to produce signi- 
ficant amounts of syenite,  5) satellitic bodies of the anorthosite 
are gabbroic anorthosite rather than syenitic or granitic in com- 
position, and  6) the facies that grades into late-stage iron oxide- 
rich rocks is gabbroic and not granitic. 
A third alternative view of the relationship between the 
anorthositic and charnockitic rocks has been expressed by Barker, 
et al. (1975) and Emslie (1978).  Barker, et al., proposed that 
basaltic magma reacted with the lower crust to produce iron-rich 
gabbroic, alkali dioritic, and quartz syenitic liquids which, in 
turn, reacted with and partially melted granitic rocks of the inter- 
mediate crust, thus producing a high fraction of granitic liquid. 
Emslie (1978) proposed that olivine tholeiite magmas fractionate 
near the base of the crust to produce high-aluminum tholeiitic 
magmas from which the anorthosite massifs develop by plagioclase 
fractionation.  The heat generated by the fractionating olivine 
tholeiite magma partially melts the overlying crustal rocks to 
produce associated adamellitic magmas. 
Metasediments 
The metasedimentary rocks of the Adirondack Highlands are 
marble, quartzite, calc-silicate rocks, amphibolites, and various 
granitic and syenitic gneisses whose precursors are Grenville 
limestones, sandstones, shales, and volcanic flows.  Some of these 
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gneisses are often difficult to distinguish from the meta-igneous 
charnockites previously discussed.  Although most investigators 
have mapped the rocks surrounding the Ruby Mountain gabbroic 
anorthosite lens as a high-silica meta-igneous rock (Krieger, 1957; 
Miller, 1938; Levin, 1950; Letteney, 1969), Isachsen (1980) has 
mapped them as metasediments and metavolcanics. 
Olivinc Gabbro 
Original igneous textures have been preserved in the interior 
portions of many of the gabbro bodies.  These gabbros arc younger 
than the anorthosites.  The Gore Mountain garnet amphibolite and 
the adjoining gabbro from which it was derived is the most exten- 
sively studied metagabbro in the region.  Luther (1976) discovered a 
xenolith of deformed anorthosite enclosed in the Gore Mountain gabbro. 
Tectonic Setting of the Adirondack Anorthosite 
The Adirondack Mountains form a southeastern extension of the 
Grenville Province of the Canadian Shield.  Dewey and Burke (1973) 
proposed that the Grenville Province is a product of a continent - 
continent collision.  The Tibetan Plateau is employed as a modern 
analogue of such a collision; it has twice the normal thickness of 
continental crust, presumably the result of the underthrusting of 
the Indian plate. 
Recent paleomagnetic evidence (Seyfert, 1980) supports the 
hypothesis of a middle Protero:oic collision between North America 
and Gondwanaland.  The paleomagnetic data reveals that during the 
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middle Protero::oic (approximately 1150 m.y. ago) Gondwanaland and 
North America were joined together.  One hundred to one hundred and 
fifty million years before that, however, they were widely separated 
from each other.  Therefore, North America and Gondwanaland were 
probably joined together by a continent-continent collision 1150 to 
1250 m.y. ago.  Die Grenville Orogeny, dated at 1100 to 1200 m.y. 
ago, was possibly the result of this collision. 
McLelland and Isachsen (1980) suggested that the crustal thick- 
ness of the Adirondacks during the Grenville Orogeny must have been 
approximately 60 kilometers, or double that of normal continental 
crust.  Based on metamorphic mineral assemblages and their stabili- 
ties, McLelland and Whitney (1977) have determined that rocks now 
exposed at the surface in the Adirondacks last equilibrated at a 
depth of approximately 25 kilometers.  Seismic data reveals that the 
present depth to the Moho is 36 kilometers.  The crustal thickness 
at the time of metamorphism must, therefore, have been about 60 
kilometers.  McLelland and Isachsen proposed that this double 
crustal thickness was generated either by continental collision or 
continental underthrusting. 
Ems lie (1975) found that one type of orthopyroxene megacryst 
from some anorthositic rocks gives a clue to the high pressures 
to which the rocks were subjected.  These pyroxene megacrysts contain 
exsolution lamellae of plagioclase of which there are two important 
characteristics:  1) the edges of the broad lamellae are more 
calcic than their interiors and 2) the pyroxene hosts are depleted 
in Al.,0. next to the plagioclase lamellae.  Since increased pres- 
sure favors the incorporation of the NaAlSi-,0, molecule in solid 
solution in the pyroxene, decompression of an initially homogeneous 
pyroxene would result in exsolution of the N'a-rich component, fol- 
lowed by increasingly more Ca-rich components.  The high aluminous 
nature of the original pyroxene suggests (from experimental data) 
that it crystallised at 15 ! 5 kilobars pressure.  Such a pressure 
could only be reached in the mantle or in orogenically thickened 
crust. 
Herz (1969) plotted the world's anorthosite massifs on a 
pre-drift continental reconstruction, and found that most anortho- 
sites lie in two principal belts.  The ages of these bodies range 
from 1100 m.y. to 1700 m.y. ago, with a cluster at 1300 to 1400 
m.y. ago, suggesting a unique Precambrian event.  Their belt-like 
distribution suggests that their emplacement is related to orogenic 
processes.  Also, as Emslie (1973) argues, the large size of the 
plutons suggests that orogeny was probably required for magma pro- 
duction . 
Emslie (1973) attempted to determine whether anorthositic 
suites are orogenic or non-orogenic by using chemical parameters 
to distinguish the orogenic calc-alkalic series from the non- 
orogenic tholeiitic series.  Except for a strong iron enrichment 
characteristic of tholeiitic suites, anorthosite suites are chemi- 
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cally similar to calc-alkalic suites.  Emslie proposed that this 
iron enrichment may reflect the relative deficiency of water rela- 
tive to the environment of most calc-alkalic magmas.  If the magma 
is dry until it reaches the crust, then the magma emplaced near the 
active part of an orogenic belt would have relatively easy access to 
water from the thick sediments; magma emplaced into older, dryer 
crust on the flanks of an orogenic belt may not have ample water, 
and may, therefore, produce iron-enriched rocks.  Emslie (1973, 71) 
proposed that anorthositic "belts" may "... be regarded as magmatic 
arcs subparallel to, but at some distance from, once active orogens". 
In a more recent paper, Emslie (1978) offered a possible 
explanation for the restriction of anorthosite massifs to Precambrian 
terranes.  He suggested that the parent magma for anorthosites 
could be derived from an olivine tholeiite magma in the mantle.  As 
the magma rises beneath a stable cratonic crust, its movement is 
halted when it encounters a density discontinuity at the base of the 
crust.  The magma accumulated at the base of the crust begins to 
crystallize, fractionating olivine and orthopyroxene, and driving 
the liquid toward a high-aluminum gabbro composition.  In time, 
partial melting of the lower crust and the buoyant force of the 
underlying magma act together to overcome the strength of the crust. 
The high-aluminum gabbroic magma rises into the crust, precipitating 
plagioclase. 
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Crucial to this model is the presence of a stable cratonic 
crust which is resistant to fracture.  If the magma is able to rise 
rapidly from the mantle into the crust, it will not have time to 
develop the high-aluminum nature required to produce large amounts 
of plagioclase.  Emslie suggested that a relatively hot and thin 
Proterozoic lithosphere may have resisted fracturing, thus allowing 
the development of large anorthosite-granite complexes. 
Geological Setting of the Ruby Mountain Gabbroic Anorthosite 
The Ruby Mountain garnetiferous gneiss is a lens-shaped body 
located on the southwest slope of Ruby Mountain.  The surrounding 
rock is best described as syenitic granulite as its origin is con- 
troversial.  This syenitic rock was originally considered to be a 
facies of the magmatic "syenite-granite" series (Krieger, 1937). 
Letteney (1969) interpreted the syenitic rock which surrounds the 
Ruby Mountain gneiss and forms a border around much of the Thirteenth 
Lake anorthosite as metaigneous charnockite which constitutes part 
of the anorthosite-charnockite co-magmatic suite. 
Although it has never been investigated before in detail, the 
Ruby Mountain gneiss has received cursory mention in the literature. 
Krieger (1937) thought that the gneiss consisted of "... a series of 
lenses with some associated syenite." The field work and drill- 
core examination carried out in the present study did not reveal any 
conclusive evidence for multiple lenses; although bulk composition, 
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mineralogy, and grain si-e are variable throughout the body, no 
included syenitic rock was observed.  Krieger did not offer a 
hypothesis for the origin of the garnet 1ferous gneiss, but referred 
to Miller's interpretation that it represents a mixture of gabbro 
and anorthosite which was later assimilated by intruding syenite. 
Miller (1938) concluded that the gneiss consisted of two 
lenses, a northerly and a southerly one, on the basis of the amount 
of hornblende.  He noted that the more northerly lens was richer 
in hornblende and more strongly foliated than the one to the south. 
However, to the contrary, examination of drill-core specimens taken 
throughout the deposit in this study has shown that the most 
hornblende-rich gneiss is in the southern portion of the mass. 
Referring to the non-uniform nature of the gneiss, Miller noted 
that some outcrops, when taken individually, can actually be classi- 
fied as metagabbro.  This led Miller to hypothesize that the gneiss 
represents a mixture consisting of metagabbro which was "digested" 
by an anorthositic magma.  As further evidence for this hypothesis, 
he cited a glacial boulder in the vicinity of Thirteenth Lake 
which consists in part of anorthosite with an inclusion of "... dark, 
fine to medium grained hornblende-garnet gneiss, probably altered 
metagabbro" (Miller, 1938, 402).  Much of the remainder of the 
boulder contained hornblende, plagioclase, and garnet "... which 
quite clearly has resulted from digestion or assimilation of the 
old dark rock (probably metagabbro) by the anorthosite" (Miller, 
1938, 403).  Miller appealed to this hypothesis for the origin of 
other anorthositic garnetiferous gneisses in the region, notably 
the Hooper Mine, the Roafing Brook area on the north slope of Gore 
Mountain, and a narrow band of garnet-bearing rock which lies between 
the garnet amphibolite and the syenite at the Barton garnet deposit 
on Gore Mountain. 
Levin (1950) briefly described the Ruby Mountain garnet deposit 
and proposed that the deposit does not represent a gabbroic body 
intruded by anorthositic magma as Miller suggested; instead, he 
concluded that it consists of gabbroic anorthosite which was sub- 
sequently intruded and assimilated by the associated sycnitic rock. 
Letteney (1969) studied in detail the chemistry of the nearby 
(and presumably related) Thirteenth Lake anorthosite body and the 
surrounding charnockitic rocks.  Although he did not directly 
refer to the Ruby Mountain anorthositic gneiss, his samples did 
include one specimen from the garnet deposit, for which he reported 
both the whole-rock chemistry and a modal analysis.  The significance 
of Letteney's work to the present study is two-fold:  1) it provides 
a regional interpretation for the anorthosite/gabbroic anorthosite 
and the surrounding "syenitic granulite", and  2) it provides useful 
d&ta for relating the Ruby Mountain anorthositic gneiss to the 
larger Thirteenth Lake Dome.  The geologic framework provided by 
Letteney's study is based on his interpretation that the anorthosite 
and gabbroic anorthosite are co-magmatic, and, in addition, that 
the surrounding "syenitic granulite" or "charnockitc" is intrusive 
into the anorthositic series and may be co-magrnat i c with it. 
Actually, there is no conclusive evidence that the syenitic rock 
is of igneous origin, and whether it is co-magmatic with the 
anorthosite is a matter of even greater conjecture. 
One convincing reason for associating the Ruby Mountain meta- 
anorthosite with the main Thirteenth Lake anorthosite body is 
Lctteney's inclusion of a sample from Ruby Mountain in his analyses 
of the anorthosite and related rocks.  He included the analyses of 
the Ruby Mountain sample under the classification of "mafic augen 
anorthosite", but he did not describe the rock in his text. 
Letteney described the Thirteenth Lake Dome as being cored by a 
metamorphosed "anorthosite-norite complex".  This complex is over- 
lain by the "charnockite series", a foliated gneiss of adamellitic 
to granitic composition.  Separating the charnockite series from 
the core complex is a "transition zone" which contains rock types 
of both the anorthosite-norite core and charnockite series, but' in 
a "granulated and hydrated condition" (Letteney, 1969, 331).  The 
mineralogy of the Ruby Mountain gneiss is similar to that of mem- 
bers of the anorthosite-norite complex of the Thirteenth Lake Dome, 
thus supporting their probable co-magmatic relationship.  In 
addition, when the major oxides are plotted against differentiation 
indices for the Thirteenth Lake series, the Ruby Mountain analysis 
lies on the same general trend.  The Ruby Mountain gneiss differs 
from the core complex in that it is moderately to strongly foliated 
in contrast with the massive nature of the core series.  Furthermore, 
the Ruby Mountain rock is largely recrysta11iced , whereas the core 
rocks show little mctamorphic overprint on the primary igneous tex- 
tures.  Moreover, although Lettency contends that most of the horn- 
blende in the core series is primary, the Ruby Mountain hornblende 
is of metamorphic origin. 
Die Ruby Mountain gneiss closely resembles the transition rocks 
between the core of the Thirteenth Lake Dome and the surrounding 
charnockite (syenitic granulite); both the transition rocks and the 
Ruby Mountain gabbroic anorthosite are more deformed than the core 
series and both are highly variable from one outcrop to the next. 
Another characteristic common to both the transition rocks and the 
Ruby Mountain lens is the intimate association of these rocks with 
the surrounding charnockitic rocks.  Lettency found that there is a 
consistent relationship between the presence of the charnockitic 
rocks and the degree of deformation and mineralogical and chemical 
variability of the anorthositic rocks.  It is not known, however, 
whether the charnockitic rocks were the cause of the deformation 
through intrusion, whether its presence locally facilitated deforma- 
tion during later metamorphism, or whether movement and deformation 
were localised along anorthosite-charnockite contacts.  Based on 
the proximity of the Ruby Mountain gabbroic anorthosite to the 
Thirteenth Lake Dome and the similarities between the Rubv Mountain 
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lens and the mafic rocks of the core series and transition none, it 
is reasonable to assume that the Ruby Mountain gneiss is genetically 
related to the Thirteenth Lake anorthosite (see "Chemical Composition 
and Classification of the Ruby Mountain Gneiss" for further discus- 
sion of the relationship between the Ruby Mountain gabbroic anortho- 
site and the Thirteenth Lake anorthosite). 
In addition to the limited work of Krieger (1937), Miller (1914, 
1938), Levin (1950), and Letteney (1969) which pertains directly to 
Ruby Mountain and the Thirteenth Lake anorthosite, several Adiron- 
dack geologists have studied other garnet occurrences and have made 
observations and interpretations that are applicable to this study. 
These studies of other garnet-bearing rocks and garnet-forming 
reactions will be referred to in subsequent sections where appro- 
priate. 
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CHEMICAL COMPOSITION AND CLASSIFICATION OF THE RUBY MOUNTAIN GNEISS 
Although there is considerable debate regarding the genetic 
relationship between the anorthositic rocks and the associated 
syenitic or charnockitic rocks, it is widely accepted that the 
anorthositc-norite suite is consanguineous and represents a rock 
series that ranges from anorthosite to gabbro to noritc (Isachsen, 
1969).  Following Buddington's nomenclature (1939) for the anortho- 
site scries, different parts of the Ruby Mountain gneiss may be 
classified as gabbroic anorthosite, anorthositic gabbro, or gabbro, 
based on the modal percentage of mafic minerals. 
Anderson and Morin (1969) have proposed that there are two 
types of massif anorthosite.  The labradorite type is believed to 
represent a parental magma or a refractory mass resulting from 
partial melting and the andesine type is thought to be a lower 
temperature melt.  See Table 1 for a summary of the characteristics 
of labradorite-type and andesine-type anorthosite.  Although the 
Ruby Mountain gabbroic anorthosite is generally considered to belong 
to the andesine type, as are the other Adirondack anorthosite 
bodies, it actually has features characteristic of both types.  The 
dominant feldspar is calcic andesine to labradorite but antiper- 
thitic andesine is also present locally.  Hornblende, garnet, and 
diopside, in that order, are the dominant ferromagnesian phases, a 
metamorphic mineralogy not characteristic of either the labradorite 
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TABLE 1.  Characteristics of Two Types of Massif Anorthosite 
(Anderson and Morin, 1969) 
Attribute 
Feldspar 
Ferromagnesian 
Minerals 
Fe-Ti Oxide(s) 
Dominant Rock 
Type 
Shape 
Contact Relation- 
ship 
Associated Rocks 
Age 
Relationship to 
Other Type 
Labradorite-type 
Laboradorite 
«
An63-450r2-3) 
Augite, Bronzite, 
Olivine 
Magnetite, Ilmenite 
Gabbroic Anorthosite 
Irregular 
Obscure 
Varied 
? 2 b.y. ? 
Contains dikes of 
Andesine-type 
anorthosite 
Andesine-type 
Antiperthitic 
Andesine 
(An48-230r6-2S) 
Bronzite, Hypersthenc 
Hemo-Ilmenite 
Anorthosite 
Domical 
Intrusive 
Pyroxene Syenite Gneiss 
5 Pyroxene Granite Gneiss 
1 b.y. 
Contains xenoliths of 
Labradorite-type 
anorthosite 
type or the andesinc type.  The dominant i ron-11 tamum oxide at 
Ruby Mountain is ilmenite, containing about 6 mole percent hematite 
in solid solution.  The only occurrence of magnetite is in the same 
local area where antiperthitic andesinc is found; whereas magnetite 
is characteristic of labradorite-type massifs, the antiperthite is 
characteristic of andesine-type massifs.  It is evident that the 
complex mineralogy of the Ruby Mountain gneiss does not fit this 
simple classification of massif anorthosites because this mineralogy 
represents several crystallization periods, both igneous and 
metamorphic. 
Two composite drill-core samples of the Ruby Mountain anortho- 
sitic gneiss were prepared for analysis.  One sample represents about 
90 percent of the body of the gneiss (RM-L) and the other (RM-D) 
represents about 10 percent and is characterized by a higher per- 
centage of mafic minerals.  The two samples, RM-L (Ruby Mountain- 
Light) and RM-D (Ruby Mountain-Dark) were then reduced to a -200 
mesh powder in a SPEX mill and sent to the X-ray Assay Laboratories 
in Don Mills, Ontario, Canada for analysis. 
The results of these analyses are given in Table 2.  All 
elements were analyzed by X-ray fluorescence; in addition, the weight 
percentage of FeO was determined by wet chemical methods.  The major 
difference between RM-L and RM-D is that RM-D is relatively low in 
Al.,0 .  The so-called "dark" phase of the gneiss is actually higher 
in SiO_, than the lighter-colored phase.  Note that K?0, TiO.,, and 
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TABLE 2.  Whole-Rock Chemical Analyses of the 
Ruby Mountain Gneiss 
OXIDE     RM-L     RM-D     RM-S 
SiO, 47.1 48.8 47.3 
TiO 1.2 2.5 1.3 
A12°3 
20.4 16.6 20.0 
Pe203 1.2 1.8 1.3 
FeO 7.6 9.9 7.8 
MnO 0.2 0.2 0.2 
MgO 5.5 4.7 5.4 
CaO 10.6 9.4 10.5 
Na,0 2
-
9
  4 
3.2 2.9 
K.,0 0.5 1.1 0.5 
P2°5 
0. 1 0.3 0.1 
TOTAL     97.3     98.5     97.3 
RM-1 represents about 90 percent of the gneiss. 
RM-D represents about 10 percent of the gneiss and is 
relatively melanocratic. 
RM-S represents a weighted average (90:10) of RM-L 
and RM-D. 
X-Ray fluorescence analysis by X-ray Assay Labs; 
FeO by wet chemical analysis and Fe?0, by 
difference. 
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P.,0  are higher in the dark phase.  Note also the difference in 
♦3    ♦2 the Fe  / Fe   ratio.  For comparison, Tables 3 and 4, respectively, 
give chemical analyses of Adirondack anorthosites and Adirondack 
olivine gabbros.  It should be noted that the gabbros are distinctly 
younger than the anorthosite suite. 
The modal analysis of the Ruby Mountain gneiss (Table 5) 
suggests that it belongs to the anorthositic series.  One of the 
objectives in obtaining whole-rock analyses was to establish with 
greater certainty that the Ruby Mountain gneiss is genetically 
related to the anorthositic suite, as opposed to the younger olivine 
gabbros such as the Gore Mountain gabbro. 
The whole-rock analyses and calculated norms may be compared 
with several available analyses of Adirondack anorthositic rocks 
and olivine gabbros (see Tables 6, 7, and 8).  In general, the 
chemical characteristics of the Ruby Mountain gneiss are inter- 
mediate between those of typical anorthositic rocks and typical 
olivine gabbros; the Ruby Mountain gneiss, therefore, represents a 
mafic member of the anorthositic series.  Specifically, the Si07, 
Al.,0,, and total-Fe content of both samples of Ruby Mountain gneiss 
are intermediate between the corresponding values for olivine 
gabbros and anorthositic rocks.  The MgO and CaO values resemble 
those of other anorthositic rocks; olivine gabbros generally have 
higher MgO values and lower CaO values than the Ruby Mountain gneiss, 
although not without exception (see MG-74B, Table 8).  Na70, K^O, 
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TABLE 5.  Chemical Analyses of Adirondack Anorthosites 
and Related Rocks. Data from Whitney & McLelland, 
1977; Whitney, personal communication; Buddington, 
1939; and Letteney, 1969. 
Oxide  An-1   An-2  An-5   An - 7  An-8  An -1S Mg-51  An30A 
SiO, 52.7 54 .20 52 .79 54 .42 54.21 51 .46 39.01 50.9 
TiO, .98 .29 T ^ .24 .88 1 . 22 6.51 2.40 
Al.O. 2   :> 22.85 24 .52 25 .77 21 .95 23.83 11 .84 9.55 19.4 
Fe,0_ 2  J 1.8S .30 .23 .67 .80 
2 
.29 5.26 9.38 
FeO 3.72 1 .76 1 .69 4 .24 2.98 12 .01 18.71 
MnO .07 .03 .03 .08 .06 .27 .27 .21 
MgO 1.26 1 .39 1 .82 5 .84 .85 10 .58 6.4 0 5.32 
CaO 8.86 10 .33 10, .84 9. .30 9.33 7 .21 9.61 11.8 
Na,0 4.4 5 4 .55 4 .21 4 .01 4.83 ~> .13 1.79 3.67 
K20 1.34 .79 .56 .74 1.11 .45 .43 .78 
I\0r .51 .06 .03 .06 .28 .08 2.19 .12 
Total   98.64  98.02  98.19  99.55  99.16 99.34  99.73 101.98 
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TABLE 5 (com 
Oxide  An30B  An30D An31-1  An31-3  An27A«12  An27B An21  An26B 
SiO, 
TiO, 
A1,0, 2 j 
Fe^O. 
2 j 
F:eO 
MnO 
MgO 
CaO 
Na,0 
K70 
P2°5 
49.8   SI.2 
2.82   2.36 
18.1 
10.7 
19.4 
9.33 
.20 .14 
5.82 2.99 
12.2 11.6 
3.40 3.85 
.70 .82 
.10 .12 
47.9 
3.64 
16.2 
12.7 
42.2 
5.34 
11.3 
18.0 
40.3 
8.33 
11.4 
23.5 
4 2.5 
7.09 
17.4 
19.1 
54.4 
.48 
24. 1 
3.6 
•total iron calculated as Fe203  
.26 
4.10 
11.9 
5.09 
.81 
.40 
.30 
5.24 
14.6 
1.89 
.61 
1.84 
.22 
5.67 
10. 1 
1 .98 
.40 
.12 
.18 
2.36 
8.11 
2.94 
.54 
.12 
Total  101.84 101.81  101.00  101.32   102.05  100.34 
.04 
.95 
9.85 
4.66 
.99 
.19 
99.24 
54.2 
.42 
24.5 
3.15 
.06 
1.18 
9.85 
5.02 
1.02 
.18 
99.58 
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TABLE 5 (cont. 
Oxide  An26C   46 47   48-L 49 24 25 
SiO., 52 .5 44.08 32.86 51. .62 50, .96 50.93 53.22 53.55 
TiO., .96 3.09 6.44 -■ -- . 73 2.54 .69 1 .63 
ALO. 2 J> 
22 .6 17.00 9.66 24 .45 21 .26 16.91 20.05 24. 10 
Fe,0. 2 j 5 .24 5.39 13.57 1 .65 1. .82 1 .69 .70 1.24 
FeO 7.16 15.79 5, .30 4, . 57 9.27 3.98 2.26 
MnO .10 .12 .37 .10 
-■ -- .17 .09   
MgO ~> .25 3.35 5.S4 1. .21 4, .49 5.25 4.08 1.34 
CaO 11 .8 9.76 15.09 9, .97 11. ,46 8.34 12.35 9.64 
Na,0 4, .54 5.56 1.13 3, .49 3, .17 5.15 5.57 4.62 
K2° .82 .93 .32 1 , .27 ,61 1 .09 .55 .94 
P2°5 .16 2.24 .37 .10 -■ ■- .17 .09 
  
Total 100. .97 96.68 98.68 99, .07 98. .95 99.55 99.26 99.32 
TABLE   5   (cont 
15th 
Oxide 3 9 10 11-L       12-L       13-L       14-L      Lake   (avg) 
SiO^       55.51     5b.40     53.11     52.37     53.18     56.94     50.54     52.7 
Ti02 .21 .44 .62   .45 .44 1 .52 1 .3 
A1,0. 2 J> 
25.41 24.11 24.80 24.68 23.25 20.82 21 .28 20.5 
Fe^O. 
2 J 
.69 .60 .56 1.24 1.55 .88 3.45 
FcO 1.55 2. 16 1.85 5.49 1.82 5.02 8. 73 4.9 
MnO   .04 .04   .11 . 11 .40 .04 
MgO 1.54 .41 1.32 2.00 2.60 2.36 2.08 3. 3 
CaO 9.36 8.06 12.08 10.57 11.18 9.4 1 8.72 9.2 
Na70 4 .84 5.01 4.17 4.02 5.97 5. 56 2.95 5.0 
K,0 .94 1.93 .78 .86 .86 1.58 1 .63 1.2 
P2°5 
  
.25 .02   .09 .07   .05 
An-1,2,5,7,8.  Anorthosite or gabbroic anorthosite sensu stricto. 
McLei land and Whitney, 1977. 
An-15.  Norite.  McLei land and Whitney, 1977. 
Mg-51.  Ferrogabbro.  McLei land and Whitney, 1977. 
An30A, An30B, An30D, An31-1, An31-3, An27A*12, An27B. An21, An26B, 
An26C.  Anorthositic rocks.  Adirondack Highlands.  Whitney, 
unpublished. 
46. Feldspathic gabbro.  Antwerp Quadrangle. Buddington, 1939. 
47. Mafic gabbro.  Antwerp Quadrangle. Buddington, 1939. 
48-L.  Gabbroic anorthosite.  Moers Quadrangle. Buddington, 1939. 
49.  Feldspathic gabbro.  Russell Quadrangle. Buddington, 1939. 
24. Norite.  Saranac Quadrangle.  Buddington, 1959. 
25. Anorthositic gabbro.  Elizabethtown Quadrangle. Buddington, 
1939. 
7. Anorthosite. St. Regis Quadrangle.  Buddington, 1939. 
8. Anorthosite. Saranac Quadrangle.  Buddington, 1939. 
9. Anorthosite. Saranac Quadrangle.  Buddington, 1939. 
10. Gabbroic anorthosite.  Ausable Quadrangle.  Buddington, 1939. 
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TABLE 3 (cont.) 
11-L.  Gabbroic anorthosite.  Mt. Marcy Quadrangle.  Buddington, 
1939. 
12-L.  Gabbroic anorthosite.  Lake Placid Quadrangle.  Buddington, 
1939. 
13-L.  Gabbroic anorthosite.  Elizabethtown Quadrangle. 
Buddington, 1939. 
14-L.  Gabbroic anorthosite.  Elizabethtown Quadrangle. 
Buddington, 1959. 
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TABLE 4.  Chemical Analyses of Several Olivine Gabbros 
of the Eastern Adirondacks.  Data from Whitney, 
personal communication; Buddington, 1939; and 
Luther, 1976. 
MG BM  MG BS   MG3/91  MG BM  MG BM  MG BM MG JM 
Oxide  MG190  31/78  44/77JM   77JM   23/78  24/78  26/78 c/73 
SiO,   42.8   43.2    43.5     44.6   46.3   48.1   46.2 47.5 
TiO.,    1.61   6.06    1.49     6.19   5.52   2.4 2   5.17 1.52 
A1,0   10.9   12.1    11.8     13.1   14.9   16.5   15.6 18.6 
Fc,0_  19.8   20.0   19.4    17.9   17.5   15.0   16.7 12.9 2 J> 
FeO  total iron calculated as Fe70.  
MnO     .24    .29    .23     .28    .22    .17    .20 .16 
MgO    15.1    4.83   15.8     4.49   4.51   4.89   5.51 5.78 
CaO    5.64   9.11    6.26    8.78   7.59  7.61   7.95 8.56 
Na.,0   2.40  2.75    1.76    2.92   3.64   3.76   3.23 3.33 
K70     .69    .82    .45    1.45   1.15   1.33   1.03 .62 
P,05     .14    .60     .23      .72    .45    .48    .41 .26 
Total  99.52  99.76  100.92   100.43  99.58 100.26  99.98 99.05 
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TABLE 4 (cont 
Oxide  MG-2   MG 66   MG73A   MG74A   MG74B  MG 98   MG107  MG109 
SiO,,     47.06        46.52        48.69        43.69 
TiCL        1.46 1.50 .47 .82 
48.90        45.84        43.61      45.54 
.64 .49 
A1203 17 .94 17.58 18.81 10.95 20, .63 15 .34 7.52 15. .75 
Fe^O. 2 .> 1 .71 1.73 1.56 1.79 1. .23 1 .47 2.53 1. .72 
FeO 10, .17 10.67 9.77 18.16 7, . 77 11, .53 16.27 10. .92 
MnO .16 .17 .16 .27 .12 .19 .28 .18 
MgO 8, .26 9.29 8.85 17.44 5, .80 14 .80 20.95 14, .21 
CaO 8, .77 8.57 8.17 5.22 9, .08 7 .60 7.00 / , .65 
Na.,0 2 t .54 3.20 2.91 1.37 3, ,52 1, .91 .75 2, .25 
K?0 .40 .58 .51 .26 .56 .27 .11 .50 
P2°5 
.20 .28 .13 .10 .15 .07 .10 .09 
Total 99. .40 100.10 100.38 100.27 99 .78 100 .04 100.17 99 .79 
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TABLE   4   (cont. 
MG JM MG JM MG JM MG JM MG JM MG108 Gore 
Oxide 4/29/77 4/S9/77 6/15/3 6/61/77 7/25/75 PW GO- ■L Mtn. 
SiO., 46. 3 44.0 46.6 46.3 47.4 46.7 44. .97 46.86 
TiO, 2.35 2.17 1.39 2.46 1.41 .68 1 . 18 .84 
ALO. 2   J> 16.8 15.9 17.9 14.0 18.4 15.1 15. .40 16.91 
Fc,CL 2   J 15.5 15.7 12.3 16.7 13.0 12.8 
-> 
.29 .23 
FeO -- -total   iron  calcu lated  as Fc.,0.--- 2   j 12. .39 11 .10 
MnO .18 .16 .14 .20 .15 .17 11 .15 
MgO 6.01 7.93 5.95 8.09 8.44 12.4 10. .89 10.54 
CaO 8.54 8.89 8.97 10.2 8.60 10.4 7i .50 8.25 
Na70 3.59 3.27 2.36 2.08 2.91 1.94 3. .02 2.56 
K20 .34 .74 .48 .76 .60 .34 .56 .56 
P2°5 .44 .36 . 22 .45 .30 .05 .14 .10 
Total 100.55 99.12 96. 81 101.24 101.21 100.58 99. .64 98.10 
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TABLE 4 (cont 
Oxide  OIL    62     63L   64L   65L    66    67    68L 
SiO 46.74 44.42 47.88 47.16 46.40 48.50 46.35 44.77 
TiO_, 2.54 5.55 1.20 5.37 3.03 2.22 3.55 5.86 
ALO 16.65 15.55 18.90 14.45 14.17 18.45 14.97 12.46 
2   J 
Fe_,0_ 
2 J 
2 
.17 1.86 1 .89 1.61 2, .05 1 . ,75 .J. .24 4. .63 
FcO 10. .60 12.80 10.45 13.81 13, . 12 9. ,79 12. , 76 12. .90 
MnO .26   .16 .24 .44 ,18 . 22 .17 
MgO 6. .11 5.91 7.10 5.24 4, .94 5. .49 5, ,64 5 , .34 
CaO 8, .66 9.15 8.36 5.13 9 .65 8. ,30 8, .48 10, .29 
Na 0 3, .81 2.81 2.75 3.09 5 .14 5. , 37 ■> .88 2, .47 
K,0 .86 .75 .81 1.20 1 .12 .75 .95 .95 
P2°5 
. 33 .54 .20 .57 .80 . 35 .55 .28 
Total 99 .77 99.69 100.02 99.78 99 .77 100, .14 100 .15 100 .75 
MG190, MGBM 31/78, MGBS 44/77 JM, MG 3/91 77JM. MGBM 23/78, 
MGBM 24/78, MGBM 26/78, MGJMc/73, MG-2, MG66, MG73A, MG74A, 
MG74B, MG98, MG107, MG109, MGJM 4/29/77, MGJM 4/89/77, MGJM 
6/15/3, MGJM 6/61/77, MGJM 7/25/75, MG108.  Olivine gabbros, 
Adirondack Highlands. Whitney, unpublished. 
Gore Mtn.  Olivine gabbro.  Gore Mountain.  Luther, 1976. 
60L.  Massive gabbro. Elizabethtown.  Buddington, 1939. 
61L.  Gneissoid gabbro.  Elizabethtown.  Buddington, 1939. 
62.  Metagabbro.  Split Rock Mountain.  Buddington, 1939. 
63L.  Metagabbro.  Split Rock Mountain.  Buddington, 1939. 
64L.  Gabbro.  Woolen Mill, Elizabethtown.  Buddington, 1939. 
65L.  Metagabbro.  North Creek Quadrangle.  Buddington, 1939. 
66. Pyroxene-gamet-ol ivine-andesine metagabbro.  Trembleau 
Mountains.  Buddington, 1939. 
67. Pyroxene-garnet-andesine granulite.  Trembleau Mountains. 
Buddington, 1939. 
68L.  Gabbro wall rock of titaniferous magnetite.  Elizabethtown 
Quadrangle.  Buddington, 1939. 
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TABLE 5.  Modal Analysis of Ruby Mountain 
Gabbroic Anorthosite 
Vol., % 
Plagioclase bQ% 
Hornblende 13?o 
Garnet 9% 
Clinopyroxene 8°b 
Orthopyroxcne 3°b 
Ilmenite 2% 
Quartz 2% 
Biotite n 
Potassium Feldspar n 
Sphene 0.51 
Apatite tr 
Rutile tr 
Magnetite tr 
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TABLE 6.  CIPlv Norms for the Two Ruby Mountain Samples 
RM-L (light) and RM-D (dark).  RM-S is the 
Weighted Average of 90% RM-L and 10°<> RM-D. 
Mineral RM- L RM-D RM-S 
ap .51 .62 .51 
il 2.28 4.56 2.45 
or 2.78 6.67 2.78 
ab 25.15 27.25 25.15 
an 42.55 28.56 41.42 
mt 1.86 2.55 1.86 
di 8.89 14.52 9.55 
hy 2.02 5.87 4.14 
ol 14.27 9.18 12.50 
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TABLE 7.  CIPW Norms of Some Adirondack Anorthosites and 
Related Rocks.  Data from Whitney and McLelland 
(1977) and Buddington, 1939 
Mineral An-1 An-2 An-5 An-7 An-8 An-15 Mg-51 
qt; 1.07 .96 -- .81 .67 1.07 
or 8.00 4.70 3.30 4.35 6.55 2.70 2.70 
ab 40.10 40.90 57.75 35.65 43.20 19.40 17.25 
an 38.82 43.67 49.63 39.33 39.90 21.78 17.98 
di 1.72 5.84 3.14 4.84 5.52 11.28 14.28 
en 3.07 1.98 3.76 8.94 1.56 25.46 10.31 
fs 2.83 1.12 1.63 4.96 1.98 13.98 9.74 
ol -- -- .18 -- -- -- 7.23 
mt 1.95 .32 .24 .69 .85 2.43 5.90 
il 1.38 .40 .32 .34 1.22 1.72 9.72 
ap 1.08 .11 .05 .11 .59 .17 4.91 
Mineral 44 £5 46 47 7 8     £    i£ 
qt; 1.80 2.07 1.53 -- 1.77 1.26 1.77    .75 
or 7.23 8.90 5.56 1.89 5.56 5.56 11.12  4.45 
ab 43.23 40.35 29.87 8.38 58.89 40.87 42.44  35.11 
an 39.61 37.25 27.80 20.18 42.15 44.76 37.53  46.70 
di -- -- .28 27.43 3.72 1.36    .71   8.00 
hy 2.99 3.32 11.14 -- 2.00 4.60 3.4 7    .85 
ol -- -- -- 4.49 
mt 1.07 .93 7.89 19.72 1.97 1.00    .93   .81 
il .91 .68 5.93 12.16 5.04 .59   .84   1.22 
ap .47 1.01 5.21 3.80 .34 --    --    .85 
An-1,2,5,7,8.  Anorthosite or gabbroic anorthosite sensu stricto. 
McLelland and Whitney, 1977. 
An-15.  Norite.  McLelland and Whitney, 1977. 
Mg-51.  Ferrogabbro.  McLelland and Whitney, 1977. 
7. Anorthosite.  St. Regis Quadrangle.  Buddington, 1939. 
8. Anorthosite.  Saranac Quadrangle.  Buddington, 1959. 
9. Anorthosite.  Saranac Quadrangel.  Buddington, 1939. 
10. Gabbroic Anorthosite.  Ausable Quadrangle. Buddington, 1939. 
44. Anorthosite.  Antwerp Quadrangle.  Buddington, 1939. 
45. Anorthosite.  Antwerp Quadrangle.  Buddington, 1939. 
46. Feldspathic gabbro.  Antwerp Quadrangle.  Buddington, 1939. 
47. Mafic gabbro.  Antwerp Quadrangle.  Buddington, 1939. 
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TABLE 8.  CIPW Norms of Some Eastern Adirondack 01ivine 
Gabbros.  Data from Buddington (1939) and 
Whitney (personal communication) 
Mineral  60-L  61-L   62   63-L  64-L  65-L    66    67 
or 3.34   5.00   4.45   4.45   7.23   6.67   4.45   5.56 
ab 20.96  27.25  23.58  23.06  26.20  22.53  28.30  24.63 
an 26.69  25.02  27.66  36.77  21.96  23.35  52.94  25.02 
ne     1.99   2.56    
di 7.94  13.08   7.02   2.97  12.09  17.55   5.90  11.52 
hy     -    9.67  11.31   8.18  8.02  11.81  10.74 
ol 31.20  16.86  15.09  15.62  13.07   9.32   9.69   9.45 
mt 5.25   3.25  2.67  2.09  2.32   3.02  2.55  4.73 
il 2.16   4.56   6.75   2.28   6.38   5.78  4.26   6.76 
ap .34    .67   1.54    .34   1.54   2.02    .84   1.31 
Mineral  MG-2  MG-66  MG-73A MG-74A MG-74B MG-98 MG-107 MG-109 
or 2.5   3.4   3.0   1.5   3.5   1.5    .6   2.1 
ab 22.6  25.1   25.6   12.1   31.2   16.6   6.6   19.5 
an 36.0   30.6   55.9   22.6   38.4   31.5   16.4   50.8 
ne --    1.8 
di 4.7    7.4    2.3    1.8   4.3    5.7   15.5    4.3 
hy 14.5    --    11.1   16.1    4.9   11.0   16.9   4.3 
ol 12.8  25.2   17.8  41.1   12.5   51.3  40.1   35.9 
mt 2.4   2.4   2.5   2.5   1.7   2.0   3.4   2.3 
i1 2.0   1.8   1.1    1.1   2.4    .6    .9    .7 
ap .4    .6    .2    .2    .3    .1     .2    .2 
60-L. Massive gabbro.  Elizabethtown.  Buddington, 1939. 
61-L. Gneissoid gabbro.  Elizabethtown.  Buddington, 1939. 
62. Metagabbro.  Split Rock Mountain.  Buddington, 1939. 
63-L. Metagabbro.  Sprit Rock Mine.  Buddington, 1939. 
64-L. Gabbro.  Woolen Mill, Elizabethtown.  Buddington, 1939. 
65-L. Metagabbro.  North Creek Quadrangle.  Buddington, 1939. 
66. Pyroxene-garnet-olivine-andesine metagabbro.  Trembleau 
Mountain.  Buddington, 1939. 
67. Pyroxene-gamet-andesine granulite.  Trembleau Mountain. 
Buddington, 1939. 
MG-2, MG-66, MG-73A, MG-74A, MG-74B, MG-98, MG-107, MG-109. 
Coronites.  Adirondack Highlands.  Whitney, unpublished. 
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P.,0., and MnO values for the two series overlap and, therefore, are 
not valid criteria for classification.  The large range in TiO., 
values for both olivine gabbros  and anorthositic rocks similarly 
prevents their use in classification. 
Table 6 gives calculated CIPW norms for Ruby Mountain.  For 
comparison, several norms of other Adirondack anorthositic rocks 
and olivine gabbroic rocks are given in Tables 7 and 8.  Most rocks 
of the anorthosite suite are slightly quartz normative.  The Ruby 
Mountain gneiss, on the other hand, contains approximately twelve 
percent normative olivine.  The only example from the anorthosite 
series that comes close to having this amount of normative olivine 
is the ferrogabbro (Mg-51) reported by McLelland and Whitney (1977), 
with 7.23 percent normative olivine.  Twelve percent normative 
olivine is, however, within the range of the younger olivine gabbros 
which contain anywhere from five percent to forty percent normative 
olivine.  The normative amounts of the other ferromagnesian phases 
and iron-oxide phases are variable in both the anorthositic and 
gabbroic rocks and, therefore, cannot be used for classification. 
Although twelve percent normative olivine tends to link the Ruby 
Mountain rock with the olivine gabbros, the amount of normative 
plagioclase (66"o) is higher than that of all olivine gabbros except 
MG-74B and, instead, is characteristic of the anorthositic series. 
Tims, the interpretation of the Ruby Mountain norms yields two 
contradictory conclusions, vi;., the high percentage of normative 
-19 
anorthite (-ll*) and the high percentage of normative olivine which 
suggest genetic links to the anorthosite series and the olivine 
gabbros, respectively. 
The chemical analyses of the Ruby Mountain anorthositic gneiss 
may also be compared with the chemical analyses of rocks from the 
larger and perhaps genetically related Thirteenth Lake anorthosite 
body which occurs southwest of Ruby Mountain.  The data of Lettency 
(1969] show that the SiO,, content of the Ruby Mountain gneiss is 
lower than all but two of his analyzed Thirteenth Lake anorthositic 
rocks (Table 9).  The total iron content of the Ruby Mountain gneiss 
is much higher than that of the analyzed Thirteenth Lake rocks 
reported by Letteney, although some of the more mafic rocks in the 
Thirteenth Lake suite do approach this  percentage.   The percentages 
of TiO?, MgO, and Al.,0. in the Ruby Mountain gneiss fall within the 
range of the more mafic members of the Thirteenth Lake series. 
Although the Na70 content is somewhat low, the CaO and K^O percentages 
in the Ruby Mountain gneiss are comparable to those of the other 
rocks in the Thirteenth Lake series. 
In addition to a direct comparison of oxide weight percentages 
in the Ruby Mountain gneiss with those of rocks in the Thirteenth 
Lake series, several differentiation indices have been plotted 
against the major oxides (Figures 2, 3, and 4).  In figure 2, CaO + 
MgO is used as an index of differentiation, following Philpotts 
(1966) and Letteney (1969).  The darker phase of the gneiss has a 
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significantly higher CaO * MgO value than the lighter phase.  In 
general, the Ruby Mountain gneiss falls on the same chemical trends 
as the Thirteenth Lake rocks; however, the more feldspathic sample 
(RM-L) is exceptionally high in Al.,0. and the more mafic sample 
(RM-D) has an exceptionally high Fe content. 
Larsen's (1958) index of magmatic differentiation results in a 
closure of the gap between the dark and light phases of the Ruby 
Mountain gneiss (see Figure 5); except for the excessively high 
total Fe and Al-,0. values and the low MgO values, the Ruby Mountain 
gneiss also falls on the general trends of these curves.  When the 
oxides are plotted with SiO, as a differentiation index, the results 
are similar, although the Al^O. values for the entire series are 
more scattered (Figure 4).  In all cases, the Ruby Mountain gneiss 
lies at the mafic end of the curves.  The Gore Mountain gabbro, on 
the other hand, plots significantly higher in MgO and lower in SiO^ 
(Figure A).      It is thus probable that the Ruby Mountain gabbroic 
anorthosite is genetically related to the Thirteenth Lake anorthosite 
57 
MINERALOGY AND PETROGRAPHY 
General Statement 
The essential minerals of the Ruby Mountain anorthositic gneiss 
are plagioclase (calcic andesine to sodic labradorite in composition), 
green hornblende, brown hornblende, garnet, diopsidic augite, ilmen- 
ite, hypersthene, quartz, and biotite.  The minor phases are 
potassium feldspar, apatite, rutile, magnetite, and sphene. 
The mineral porportions are variable throughout the deposit; 
this non-uniformity is manifested in a variable plagioclase to mafics 
ratio and a non-uniform distribution of the various mafic phases. 
Both the grain size and the development of foliation in the rock are 
also variable.  This variability is evident from one outcrop to 
another, within individual drill cores, and from one mafic band to 
the next in a single thin section. 
Such inhomogeneity is characteristic of other Adirondack mafic 
anorthosites including the Humphrey Mountain and Gore Mountain 
anorthositic bodies discribed by Miller (1938) and the transiti 
rocks of the Thirteenth Lake anorthosite-charnockite suite discrib 
by Letteney (1969).  This variability in mineralogy and texture is 
due to both the original inhomogeneity of the gabbroic anorthosite 
and metamorphic segregation which accompanied deformation.  Differ- 
ential movement of water along foliation planes may be an additional 
factor in producing the varied mineralogy. 
on 
ed 
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In this section each mineral is described in terms of its 
chemical composition and textural relationships and associations. 
Specific metamorphic reactions are discussed in a later section. 
Plagioclase 
The Ruby Mountain garnetiferous gneiss contains on average 
approximately sixty percent of plagioclase, but individual hand 
specimens range from 35°o to 75"o plagioclase.  There are five 
different textural occurrences of plagioclase, namely:  1) matrix 
plagioclase,  2) plagioclase rims inside of ellipsoidal shells of 
garnet,  3) calcic plagioclase formed as a late-stage reaction 
product of garnet and which occurs along with orthopyroxene as 
equant grains rimming some hornblende or garnet porphyroblasts, 
4) megacrysts of plagioclase which are interpreted as relict 
magmatic crystals, and 5) antiperthitic plagioclase.  See Tables 
10 and 11 for electron microprobe analyses of metamorphic and 
igneous plagioclase, respectively. 
Matrix Plagioclase 
Most of the plagioclase in the Ruby Mountain gneiss is 
relatively coarse-grained (1-5 mm) xenoblastic matrix plagioclase 
(see Figure 5).  Some grains show undulatory extinction and are 
thus slightly deformed, but plagioclase crystallization was largely 
post-tectonic.  The matrix plagioclase is finer grained than the 
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I:i sure S.  Photomicrograph of syn- and post-tectonic matrix 
plagioclase showing triple-point grain boundaries 
Note albite and pericline twins.  Crossed 
polarizers.  45X.  Pc\i = matrix plagioclase. 
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original igneous plagioclasc represented by megacrysts and it is 
free of the ilmenite and biotite inclusions which character!;e the 
megacrysts of plagioclasc.  Matrix plagioclasc which is not associ- 
ated with garnet ranges in composition from An   to An  .  In the 4 o      bo 
vicinity of garnet (e.g., directly outside of the garnet coronas), 
the plagioclasc is less calcic and is typically An  .  Buddington 
(1939), Griffin (1971), and McLei land and Whitney (1977) also 
found that there is a slight increase in the albitc component of 
plagioclasc in the vicinity of garnet coronas. 
Plagioclasc Rim Inside Garnet Coronas 
An ellipsoidal shell of relatively fine-grained (.2 to .4 mm) 
recrystal1ized plagioclasc forms a rim against the inner side of  the 
garnet coronas which thus separates the garnet from the hornblende 
and ilmenite cores (Figure 6).  This plagioclasc is undeformed and 
has crystallized post-tectonically.  Llectron microprobe analyses 
show that there is a distinct difference in composition between 
this fine-grained plagioclase inside the garnet coronas and the 
more deformed coarse-grained plagioclase directly outside the 
coronas.  The former has a composition of An cAb Or,, whereas the 
latter has a composition of An Ab Or-.  The plagioclase rims are 
4 y  4 9  J 
interpreted as a late post-garnet reaction product of the hornblende 
core and the garnet rim as the coronas re-equilibrated to lower 
pressure and lower temperature conditions. 
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Figure t>.  Photomicrograph of garnet in t lie Ruby Mountain gneiss 
showing continuous and discontinuous rims of garnet 
developed around hornblende cores which contain large 
inclusions of  ilmenite.  A rim of fine-grained recrys- 
tallized plagioclase separates each garnet shell from 
the core.  Plane polarized light.  10.7X.  Gar = garnet, 
11m = ilmenite, Hbl = hornblende, PCJ^J = matrix plagio- 
clase, Pc^ = calcic plagioclase as rim inside garnet 
coronas. 
(id 
Plagioclase Mcgacrysts 
A 1-cm. megacryst of plagioclase was found which has a core 
composition of An_? as determined by electron microprobe analysis. 
The megacryst contains oriented inclusions of biotite and a highly 
titaniferous iron oxide which is probably ilmenitc (Figure 7). 
Both the biotite and the Fe-Ti oxide are generally oriented parallel 
to the composition plane of the albitc twins.  The megacryst is 
interpreted as relict igneous plagioclase and the biotite and 
ilmenite inclusions suggest that the original igneous plagioclase 
contained significant amounts of Fe, Mg, Ti, and K. 
If the anorthositic magma was dry when it was intruded and 
crystallised, then the temperature of the melt would have been very 
high (1400°C).  Plagioclase crystallizing at these high temperatures 
is capable of holding significant amounts of Fe, Mg, and Ti in its 
structure (Sclar and Kastelic, 1979; Sclar and Benimoff, 1980). 
The biotite inclusions indicate that the original plagioclase must 
also have been more potassic.  Upon cooling, the iron, magnesium, 
titanium, and potassium ions became unstable in the plagioclase 
lattice and were exsolved as biotite and ilmenite inclusions. 
Inasmuch as the magma was so hot, only anhydrous phases crystallized 
initially.  Although the magma was initially undersaturated with 
water, the remaining melt was enriched in water as anhydrous 
phases crystallized out.  Water for the biotite was provided by 
this residual fluid phase which, at that point, probably consisted 
1-igure 7.  Photomicrograph of" plagioclase megacryst .  This twinned 
megacryst contains inclusions of biotite and ilmenite or 
titaniferous magnetite (identified by energy dispersive 
analysis with the electron mi croprobe), oriented 
parallel to the composition plane of the albite twins 
(010).  Crossed polarizers.  SOX.  Biot = biotite, 
11m = ilmenite. 
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dominantly of  water concentrated along the grain boundaries of the 
plagioclase crystals.  The reaction involving the cxsolution of the 
biotite and ilmenite resulted in the plagioclase becoming somewhat 
more albitic and Ca   and Si   were also released.  This mobile Ca 
and Si   may have reacted with primary orthopyroxene to form meta- 
morphic clinopyroxene.  During a subsequent deformationa1 event, 
most of the plagioclase megacrysts were crushed and recrystal11 zed 
and the ions of the included biotite and ilmenite were released. 
The potassium from the biotite was incorporated into both hornblende 
and the newly-crystal 1ized  plagioclase, while the ilmenite probably 
rccrystal1i;ed as larger, discrete grains of the same phase.  Post- 
tectonic cooling resulted in local exsolution of potassium feldspar 
from the plagioclase, forming antiperthitic feldspar or independent 
grains of potassium feldspar.  In other phases of the gneiss where 
hornblende is more abundant and there is no antiperthite, the 
potassium from the recrystal1ization of the igneous megacrysts was 
probably consumed in hornblende formation.  This model, in which the 
Fe, Mg, and Ti were originally incorporated into the lattice ot 
high-temperature igneous plagioclase, requires very high magmatic 
temperatures which are incompatible with the present geothermal 
gradient.  Therefore, if this model is correct, it would require 
geothermal or tectonic conditions unique to the Precambrian. 
Alternatively, the biotite and ilmenite may have formed in a 
way similar to that which Whitney (1972) hypothesizes for spinel 
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inclusions in plagioclase of o]ivine-bcaring rocks in the Ad iron- 
dacks.  He proposed that the spinels were formed by diffusion of 
iron and magnesium into the plagioclase during solid-state reac- 
tions that form a pyroxene corona between olivine and plagioclase. 
Such a mechanism seems unlikely for the Ruby Mountain plagioclase 
megacryst which is not associated with a metamorphic corona-form- 
ing reaction although the latter conceivably may have been lost 
through crushing and recrystal1ization. 
The rims of  the megacryst (An  ) are depleted in calcium.  The 
change in composition is abrupt and is believed to represent a 
metamorphic gradient rather than igneous zoning. 
Calcic Plagioclase Formed by Late-Stage Reaction of Garnet 
and of Hornblende 
Very calcic fine-grained equant grains of recrystal1ized 
plagioclase are found in two textural settings, namely, 
(1) as grains intimately associated with orthopyroxene around some 
of the garnet porphyroblasts (Figure 8) and (2) as grains intimately 
associated with orthopyroxene around grains of green hornblende 
(Figure 9).  This plagioclase and the associated orthopyroxene are 
the products of late-stage reactions involving the breakdown of 
garnet and hornblende under less intense pressure and temperature 
conditions.  Where the plagioclase is a product of garnet break- 
down its composition is An.  rAb,. ,0r . adjacent to the garnet r
 66.5  33.0  .:>   J b 
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Figure 8.  Photomicrograph showing idioblastic garnet discontinuous!)' 
rimmed by radially-arrayed grains of  orthopyroxene.  The 
plagioclase associated with the orthopyroxene grains is 
fine-grained and relatively calcic compared with the 
matrix plagioclase.  Plane-polarized light.  9.5X. 
Gar = garnet, Pc^ = matrix plagioclase, PCQ = calcic 
plagioclase associated with orthopyroxene, Op = ortho- 
pyroxene . 
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Figure 9.  Photomicrograph showing a large grain of green hornblende 
which reacted with groundmass plagioclase to form ortho- 
pyroxene and fine-grained matrix plagioclase.  Plane- 
polarized light.  28X.  PCM = matrix plagioclase, Hblfj = 
green hornblende, Op = orthopyroxene, PcQ = calcic 
plagioclase associated with orthopyroxene. 
porphyrotalast.  The plagioclase formed from hornblende breakdown 
is even more calcic; viz, An   ~Ab   ,0r _,. 
Antiperthitic Matrix Plagioclase 
Antiperthitic plagioclase (andesine) is only found locally and 
is, in general, a minor phase in the Ruby Mountain gneiss.  The 
only place antiperthite is fairly abundant is in a relatively 
feldspathic phase of the gneiss in which the ratio of pyroxene to 
hornblende is 1 which is comparatively high.  This must reflect a 
relatively low P\{~,Q   locally.  Thus, much of the K that was incor- 
porated in the original igneous plagioclase did not go into horn- 
blende during recrystal1ization; instead, the K was incorporated 
into metamorphic plagioclase and ultimately appeared as antiperthite 
which developed as the potassium feldspar component exsolved during 
post-dcformational cooling. 
Garnet 
The Ruby Mountain gneiss contains a variable but modally 
significant amount of garnet which occurs in different textural 
forms and relationships.  The three major textural occurrences ot' 
garnet at Ruby Mountain are  1) porphyroblasts,  2) coronas, and 
3) xenoblastic grains localized in some of the mafic bands.  All 
three textural types may be observed in a single thin section. 
Porphyroblastic garnet may be associated with either green and/or 
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brown hornblende.   Table 12 gives electron microprobe analyses 
of garnet in different textural occurrences. 
Porphyroblasts 
The garnet porphyroblasts range in size from less than one 
millimeter to five centimeters or more in diameter.  The porphy- 
roblasts are rarely idioblastic and more frequently are roughly 
spherical to ellipsoidal with outer surfaces protruding into and 
embaying surrounding plagioclase.  The porphyroblasts with one or 
more wel1-developed crystal faces are found in plagioclase-rich 
layers which are free of mafic phases; however, not all garnet 
porphyroblasts in plagioclase-rich layers are idioblastic. 
Several garnet porphyroblasts were analyzed with the electron 
microprobe.  The average composition was found to be Al_.,Py Gr. „Sp , 
but there is a systematic variation in composition with size.  The 
largest of the garnets analyzed has an average almandine content of 
55.61. as compared with 47.81. almandine in the smallest of the 
garnets analyzed.  The pyrope content of the largest garnet is 
25.01. whereas the smallest contains 31.21. pyrope; garnets of inter- 
mediate size have compositions between the two extremes.  There is 
no systematic variation in the percentage of the grossularite or 
spessartine end members with size of the porphyroblasts.  The 
higher almandine content of the larger garnets is attributed to 
their relatively early nucleation and the preferential fractiona- 
tion of iron in the garnet.  (For a more detailed discussion, see 
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TABLE   12.     Electron  Microprobe  Analyses  of Some  Garnet 
Coronas,   Porphyroblasts,   and   Xenoblasts 
R7B7A-5       R7B7A-5        Rl«2-1        R10B8-5       R10B8-4        R7B7-X 
  WEIGHT PERCENT   
SiO^ 58.85 59. 18 59. 1 9 58.25 58.24 58.61 
TiO^ 0.15 0.11 0.06 0.05 0.05 0.06 
Al.,0. 2 J 20.99 21 .20 21 .76 21.68 22.07 21 .75 
FeO 25.81 24 . 54 25.15 22.64 24.64 25.58 
MnO 1.04 1.18 1.11 0.66 1 .05 0.99 
MgO 7.22 6.95 6.22 8.11 7.09 5.58 
CaO 7.45 7.49 5.95 7.55 6. 51 6.67 
Sum                 99.47          100.44            99.44          98.71             99.42 99.86 
  NUMBER OF   IONS  ON  THE   BASIS   OF   12   OXYGENS   
Si 5.0 5.0 5.0 5.0 5.0 5.0 
Al 2.0 2.0 2.0 2.0 2.0 2.0 
Fe 1.50 1.55 1.67 1.59 1 .65 1.70 
Mn 0.07 0.08 0.08 0.07 0.08 0.07 
MR 0.82 0. 78 0.75 0.82 0.85 0.65 
Ca 0.60 0.61 0.51 0.52 0.46 0.58 
- END MEMBER MOLECULAR  PROPORTIONS   
51.5               55.7            47.9               52.9 56.8 
26.1 24.9            50.9               27.4 21.8 
20.2 16.9            19.9               17.5 19.2 
2.6                 2.6               1.4                 2.5 2.5 
R7B7A-5, R7B7A-5.  Garnet coronas. 
Rlff2-1, R10B8-5, R10B8-4.  Garnet porphyroblasts. 
R7B7-X.  Xenoblastic garnet. 
Al 50.2 
Py 27.4 
Gr 20.2 
Sp 2.5 
"Intragranular and Intergranular Compositional Variations in the 
Garnet".) 
Although optically there is no evidence of zoning in the 
garnet porphyroblasts, electron microprobe analysis has revealed 
that some of the garnet grains are chemically zoned.  Although the 
larger garnets are homogeneous, progressively smaller garnets are 
progressively more strongly zoned.  The general compositional 
zoning pattern of the porphyroblasts is characterized by a decrease 
from core to rim in FeO and MnO and an increase from core to rim 
in MgO and CaO.  The corona-type garnets were also found to be 
chemically inhomogeneous; there is, however, no consistent zoning 
pattern, and the chemistry is apparently controlled by very local 
gradients.  (Again, for a more detailed description and analysis 
of intragranular zoning in the garnet, see "Intragranular and 
Intergranular Compositional Variations in the Garnet".) 
The porphyroblasts are generally free of inclusions but may 
contain isolated grains of plagioclase, ilmenite, apatite, rutile, 
and sphene.  The garnet is post-tectonic inasmuch as it transects 
the foliation (Figure 10). 
Most porphyroblasts occur as isolated single crystals in a 
matrix of the groundmass plagioclase and mafic mineral bands.  A 
small percentage are partially rimmed by discontinuous patches of 
mafic minerals; these minerals are not part of the mafic bands and 
may be either orthopyroxene and sphene, or hornblende and clino- 
pyro.xene.  Where orthopyroxene is found rimming garnet porphyro- 
igure 10. Photomicrograph of post-tectonic garnet porphyroblast 
which transects the foliation. Plane-polari;ed light 
7.5X.  Hblg = brown hornblende, Gar = garnet. 
blasts, it usually occurs as anhcdral grains whose long axes are 
oriented perpendicular to the garnet surface and it is associated 
with grains of recrysta111 zed   relatively calcic plagioclase and 
minor sphene (Figure 8).  This texture indicates that the ortho- 
pyroxene is post-tectonic and post-dates the development of the 
garnet.  The pertinent chemical reaction will be discussed in a 
later section (see "Late-Stage Reactions:  Garnet as a Reactant). 
Poorly-developed patches of hornblende and c1inopyroxene 
are occasionally found along the garnet boundaries.  These patches 
may have developed locally where clinopyroxene and hornblende were 
present in excess during garnet formation.  At the Barton garnet 
amphibolite on Gore Mountain, the thick wel1-developed hornblende 
shells surrounding the giant garnet porphyroblasts represent the 
effect of plagioclase depletion as the garnet developed (Luther, 
1976).  The hornblende shells in the eastern part of the Gore 
Mountain garnet amphibolite are relatively thin and poorly- 
developed; Luther (1976) attributed this to subsequent deformation 
during which parts of the hornblende shells were removed by 
cataclastic reduction.  Cataclastic reduction cannot explain the 
lack of wel1-developed hornblende shells at Ruby Mountain where 
there is no evidence of such unsheathing.  The relatively sporadic 
and poorly-developed mafic shells surrounding some of  the Ruby 
Mountain garnets must instead reflect the difference in bulk 
chemistry of the original magmatic progenitors, namely, the Gore 
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Mountain gabbro and the Ruby Mountain gabbroic anorthositc. 
Garnet development in the Gore Mountain metagabbro with its 
relatively high mafic content resulted in the depletion of 
plagioclase in the volume surrounding each garnet porphyroblast, 
thus resulting in a thick shell of residual hornblende.  The Ruby 
Mountain gabbroic anorthositc with its relatively high plagioclase 
content developed few such shells since, except very locally, the 
plagioclase to mafic ratio of the reacting phases closely approxi- 
mated that needed for garnet formation. 
A large garnet porphyroblast was found which is surrounded by 
a thick shell (5mm) of plagioclase in which ferromagnesian phases 
are essentially absent [Figure 11).  In this case, the reaction 
between hornblende, biotite, and plagioclase to form garnet resulted 
in depletion of the available biotite and hornblende in the reaction 
volume which formed garnet.  The roles of plagioclase and mafics 
here are the reverse of those at the Gore Mountain deposit where 
the hornblende rim reflects depletion of plagioclase in the reac- 
tion volume for garnet formation.  Depletion of the least abundant 
phase is to be expected and the result would be a plagioclase-rich 
shell in the anorthositic Ruby Mountain gneiss and a hornblende- 
rich shell in the gabbroic Gore Mountain amphibolite.  The rock 
in which this large mafic-mineral depletion shell was found contains 
a relatively high percentage of modal plagioclase and is also 
unusual in that biotite is a major mafic phase. 
figure 11.  Photomicrograph of a large garnet porphyroblast 
(upper right) surrounded by a thick shell of plagio- 
clase virtually devoid of mafic phases which repre- 
sents a mafic-mineral depletion zone related to the 
growth of  garnet in an anorthositic rock very rich in 
modal plagioclase.  Plane-polarized light.  9.6X. 
['cj,j = matrix plagioclase, Gar - garnet, Hbl^ = green 
hornblende, Biot = biotite. 
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Coronas 
The second major te.xtural occurrence of garnet in the Ruby 
Mountain gneiss is as coronas (Figures b,   12, 15, 14j.  The 
coronas are found in various stages of development and consist of 
a very specific mineral assemblage.  The cores of the corona 
structures are brown hornblende which contains rounded inclusions 
of ilmemte.  Some of the ilmenite contains small grains of quart; 
along their grain boundaries.  The hornblende core is separated 
from the surrounding garnet corona by a shell of recrystal1ined 
plagioclase.  In places, the core of the corona structure consists 
only of ilmenite and plagioclase.  Sphene may be present within 
both the garnet and the shell of recrystal1ized plagioclase.  Some 
of the garnet coronas consist of several discrete equidimensional 
grains of garnet, which suggests that corona garnet may be a 
precursor of porphyroblastic garnet.  Thin sections containing 
corona garnet may also contain isolated porphyroblasts of garnet. 
The origin of the ilmenite cores is not entirely clear, but 
they may have developed after or contemporaneously with garnet. 
The following models may explain the formation of ilmenite contem- 
poraneously with and subsequent to garnet formation, respectively: 
1) As garnet formed as an interface reaction between hornblende 
and plagioclase, the hornblende became more and more enriched in 
+5      +4 *7      +2 
Fe  and Ti  while supplying Fe  and Mg  to the growing garnet. 
+4 *3 
The Ti   was expressed as ilmenite and most of the Fe   remained 
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figure   12.     Photomicrograph   showing early  stage   in  development 
of  garnet   coronas.      (Compare   figure  b   in  which 
garnet   corona   is  we 11-developed.)     Plane-polarized 
light.      11X.     Gar  -   garnet,   Hblf}  =   brown  hornblende, 
11m =   ilmenite,   Pcjij =  matrix plagioclase. 
Figure 13.  Photomicrograph of  more advanced stage in development 
of corona garnet showing incipient development of 
garnet porphyroblasts.  Plane-polarized light.  11.7X. 
Gar = garnet, Mblg = brown hornblende, Ilm = ilmenite, 
Pc^ = matrix plagioclase, Pec = calcic plagioclase 
in corona structure. 
Figure 14.  Photomicrograph showing complete rim of discrete 
garnet porphyroblasts surrounding hornblende core, 
llmenite occurs along grain boundaries between 
hornblende grains.  Plane-polarized light.  8.4X. 
Gar = garnet, Hblg = brown hornblende, 11m = ilmenite, 
Pec = calcic plagioclase in corona structure, Pc^ = 
matrix plagioclase. 
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in the hornblende expressing itself as brown hornblende, as 
♦ 2 
opposed to green  relatively Fe  -rich hornblende.  Some or the 
* 5 
Fe  entered the ilmenite, expressing itself as b mol percent hema- 
tite.   2)   Alternatively, the ilmenite formed along with the inner 
shell of relatively calcic plagioclase subsequent to garnet forma- 
tion as the garnet reacted with the inner hornblende core and 
associated sphene.  Minor quart; was also formed during this 
reaction and is expressed as small grains within many of the ilmen- 
ite grains. 
Coronitic garnet implies incomplete garnet reactions and may 
be explained by one of the following models:  1) A rapid  change in 
pressure or temperature may have interrupted garnet growth before 
the reactants were exhausted.  Evidence for a possible late-stage 
increase in temperature or decrease in pressure is the inner rim 
of calcic plagioclase that presumably formed during an interface 
reaction between the garnet and hornblende.  Tins post-garnet 
environment of increasing temperature is recorded in other regions 
of the gneiss where calcic plagioclase and high-Mg orthopyroxene 
have developed by interface reaction between garnet and plagioclase 
d between green hornblende and plagioclase.   2) Garnet growth 
y have been terminated due to chemical factors.  Inasmuch as the 
garnet corona structures occur only in those portions of the gneiss 
that contain brown hornblende (as opposed to green hornblende and 
pyroxene) and that the brown hornblende has a high Fe  / Fe  ratio 
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an 
ma 
relative to the green hornblende, it is possible that the ultimate 
maturation of garnet coronas into porphyroblasts of garnet was 
limited by the relative deficiency of ferrous iron. 
Xenoblastic Garnet Locali-ed in Mafic Bands 
The third common textural occurrence of garnet in the Ruby 
Mountain deposit is found in those parts of the gneiss in which 
the c1inopyroxene to hornblende ratio is relatively high.  Here, 
the garnet is generally poikiloblastic and xenoblastic, although 
the associated minerals are the same as those of the porphyro- 
blasts just described.  Several observations suggest that the rocks 
containing such non-coronitic xenoblastic garnet are dry relative 
to the rest of the body.  These observations are:  1) such rocks 
have a relatively high c1inopyroxene to hornblende ratio, 2)   the 
color of the hornblende in these rocks is olive green which reflects 
the low oxidation state of the iron, which, in turn, may have been 
controlled by a relatively low Pn-,o>  3) the grain size is relative- 
ly small, and  4) the very irregular garnet morphology suggests that 
ion mobility was relatively low during garnet growth.  These garnets 
are also post-tectonic, as shown by the random orientation of pre- 
garnet inclusions of mafic minerals within the garnet.  Inclusions 
in this type of  garnet include hornblende, diopside, biotite, 
plagioclase, llmenite, apatite, and rutile (Figures 15, lb). 
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Figure  15.     Photomicrograph of xenoblastic  garnet  developed   in 
mafic  bands  of c1inopyroxene,   green  hornblende, 
Fe-Ti   oxide,   and plagioclase.     Plane-polari;ed 
light.     9X.     Gar =   garnet,   Cp  =   clinopyroxene, 
Ox  =  Fe-Ti   oxide,   HblQ =   green hornblende, 
Pcj,] =  matrix  plagioclase. 
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Tigure 16.  Photomi crograph showing the development of  garnet 
from green hornblende, clinopyroxene, and plagio- 
clase, in the absence of an Fe-Ti oxide.  Plane- 
polarised light.  7.IX.  Gar = garnet, Hblc = 
green hornblende, Cp -  clinopyroxene, PC.M = matrix 
plagioc1ase. 
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Hornhlende 
There are two types of hornblende in the Ruby Mountain 
deposit based on color as observed petrographica11y.  The two 
types are referred to throughout this study as "brown hornblende" 
and "green hornblende", and both have developed from metamorphic 
pyroxene.  (See Table 13 for microprobe analyses of  some brown 
and green hornblende.) 
The two hornblendes are very similar in composition, although 
electron microprobe analyses reveal some minor chemical differences. 
The brown hornblende is generally higher in potassium, titanium, and 
total iron, and lower in magnesium, sodium, and silica than the 
green variety.  Although there is a consistent difference in the 
total iron content of the two hornblendes, wet chemical analysis 
has revealed that they both contain essentially the same percentage 
of FeO.  Therefore, the difference in iron content can be attributed 
to a higher i-e  / I-e   ratio in the brown hornblende as compared with 
the green hornblende.  The ferric/ferrous ratio of the brown horn- 
blende is .4-1 whereas the ferric/ferrous ratio of the green horn- 
blende is .29.  The relatively high ferric iron content of the brown 
hornblende must be compensated for in order to achieve charge 
balance.  This compensation is achieved through a greater substitu- 
+ 3      +4      * *"> 
tion ot Al   for Si   and K  for Ca   in the brown hornblende. 
89 
TABLE   13.      Electron  Microprobe  Analyses   of  Some   Brown   and  (".reen 
Hornblende   and of   Biotite.     The   Fe*J / Fe*^   Ratio  of 
the   Hornblende was   Determined   by   Wet   Chemical   Analysis 
BROWN  HORNBLENDE GREEN  HORNBLENDE                    BIOTITE 
R7B7A1           R7B7A2 R4B15-2           R4B15-4 
  WEIGHT PERCENT   
SiO^     4 1.29    41.82 42.76 
Al-,0               15.76             14.43 14.34 
FcO      10.50      9.88 10.24 
Fe-,0.     4.62      4.55 2.97 
2 j> 
MnO       0.09     0.06 0.06 
MgO      11.26     11.60 12.14 
TiOn       2.4S      2.30 1.55 
CaO      11.66     11.82 11.78 
Na,0      1.85     2.06 2.52 
K,0       1.4 8      1.22 0.99 
Sum 98.98 99.54 9S.92 
  NUMBER OF IONS ON THE BASIS OF 2. 
(24 Oxygens for Biotite 
K         0.27 0.22 0.17 
Na        0.51 0.55 0.63 
Ca        1.77 1.76 1.75 
Mg        2.39 2.41 2.52 
Fe*2       1.24 1.14 1.18 
Fe*°      0.54 0.51 0.34 
Mn        0.01 0.01 0.01 
Ti        0.26 0.24 0.14 
Al         2.29 2.36 2.34 
Si        5.84 5.80 5.93 
42. 74 56. 77 
14.25 15.47 
10.26 
20.51 
2.98 
0.07 0.08 
12.05 1 2. 06 
1 .25 6.01 
11 .77 0.04 
2.28 0.10 
0.96 9.55 
98.59 100.56 
OXYGEN'S - - 
0.19 1 .95 
0.62 0. 00 
1.75 0. 00 
2.51 2.87 
1.19 2.71 
0. 34 
0.01 0. 00 
0. 13 0.71 
2.33 2. 89 
5.95 5.84 
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The Ruby Mountain brown hornblende has the following deduced 
chemical formula: 
K
.:7Na.51Cal.77M«:.39FeK24F^54Tl.:6A1:.29Sl5.34022(0,r): 
It is pleochroic with 2  >   Y > X, where I is deep red-brown, Y is 
brown, and X is greenish brown.  The brown hornblende is generally 
coarser-grained than the green variety.  Brown hornblende is the 
only hornblende associated with corona-type garnet.  Where brown 
hornblende is found within the cores of garnet, it is separated from 
the garnet by a rim of recrystal1ized plagioclase.  The same brown 
hornblende can be found in mafic foliation bands which consist 
almost entirely of hornblende with intergranular llmenite; garnet may 
or may not be associated with these bands.  The presence of iron- 
titanium oxide and the scarcity of c1inopyroxene (on a scale of 
millimeters, and within the same foliation band) are characteristic 
of this type of hornblende. 
The green hornblende is also pleochroic (I '->   Y > X, where Z  is 
dark olive green, Y is pale green, and X is pale greenish brown). 
Green hornblende has the following chemical formula: 
^17N^63Cal.75M82.52Fe[^8Fe!34^.01Ti.14A12.5-JSl5.93O22(Ol^)2 
The most characteristic feature of this type of hornblende is its 
association with diopsidic augite; it is found in phases of the 
gneiss where the clinopyroxene/hornblende ratio is very high 
relative to rocks in which brown hornblende is found.  This green 
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hornblende is generally finer-grained (approximately lmm in 
length) than the brown hornblende, and may or may not be associated 
with xenoblasts or porphyroblasts of garnet.  Although the green 
hornblende and pyroxene layers generally contain very little iron- 
titanium oxide, associated ilmenite (and some magnetite) is 
locally abundant.  In such areas, the ilmenite is interstitial to 
the hornblende and pyroxene.  All three mafic minerals have reacted 
with plagioclase to form garnet; this garnet is xcnoblastic and 
contains inclusions of all reacting phases. 
Binns (1965) found that the more deeply-colored hornblendes of 
the Willyama Complex in the Broken Hill district of N'ew South Wales 
have relatively high ferric iron, titanium, and potassium.  This 
holds true for the Ruby Mountain hornblendes as well.  Binns also 
found that red-brown colors were associated with high titanium and 
low ferric iron; at Ruby Mountain the brown hornblendes are 
relatively high in both titanium and ferric iron. 
Brown hornblende and green hornblende crystallized contem- 
poraneously from metamorphic pyroxenes as water was introduced and 
migrated along foliation planes.  The amount of water varied 
locally, so that in places all of the pyroxene was transformed to 
brown hornblende whereas in other regions there was not sufficient 
water for all the pyroxene to be transformed and here green 
hornblende developed.  The variations in local P\\nQ  apparently 
caused variations in the local f0?.  The brown hornblende, with its 
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relatively high ferric iron content and the absence of unreacted 
pyroxene, was formed in regions of relatively high P\\^Q   (and, 
hence, high fO.,) [see Figure 17). 
Fletcher (1971) reported variable oxidation ratios (expressed 
as 2Fe.,0./ (2Fe.,0_ ♦ FeO) x 100 for different lavers within the 
2   j     2   .■> 
Parham amphibolite of southeastern Ontario.  The three types of 
layers that have specific oxidation ratios can also be differen- 
tiated by their bulk compositions and mineral assemblages.  It is 
not, therefore, unreasonable to suggest that the f0? varied from 
layer to layer in the Ruby Mountain anorthositic gneiss. 
Brown hornblende reacted with matrix plagioclasc to form 
garnet coronas.  The ilmenite found within and associated with the 
hornblende either formed contemporaneously with or after the 
garnet.  (For discussion of the formation of the ilmenite, see 
"Garnet: Coronas".)  The reaction of brown hornblende with garnet 
coronas formed the inner shell of relatively calcic plagioclase 
characteristic of the corona structures. 
Green hornblende, clinopyroxene, orthopyroxene, and matrix 
plagioclase reacted to form xenoblastic and porphyroblastic 
garnet.  In places, green hornblende has reacted with matrix 
plagioclase to form an apparently post-garnet  high-temperature 
assemblage of relatively calcic plagiolcase and magnesian ortho- 
pyroxene . 
Figure 17.  Photomicrograph showing two adjacent mafic foliation 
bands in a standard thin section.  The left band 
consists of  massive brown hornblende aggregates with 
a small amount of ilmenite.  The band on the right 
consists of green hornblende and clinopyroxene. 
Plane-polarized light.  8.5X.  Cp = clinopyroxene, 
Hbl(j = green hornblende, Hblg = brown hornblende, 
Pcf,5 = matrix plagioclase. 
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Clinopyroxene 
Unaltered diopsidic augite is disseminated throughout the 
gneiss in variable proportions.  The grains are anhedral, approxi- 
mately 0.5 to 2.0 mm in length, and are generally concentrated in 
mafic layers.  Die variable abundance of diopsidic augite is best 
considered in terms of the amount and type of associated horn- 
blende. 
Diopsidic augite is most abundant in mafic bands in which 
green hornblende is the dominant constituent.  Mere, both minerals 
arc elongated parallel to the foliation and diopsidic augite shows 
partial replacement by green hornblende.  A minor amount of meta- 
morphic hypersthene occurs with the diopsidic augite in these bands. 
Garnet may occur in these bands, either as porphyroblasts or as 
irregular, poikiloblastic grains associated with diopsidic augite, 
hornblende, and ilmenite.  A single thin section may contain both 
mafic bands consisting of brown hornblende and ilmenite without 
any pyroxene and mafic bands consisting of green hornblende, diop- 
sidic augite, and hypersthene (Figure 17).  If the clinopyroxene/ 
hornblende ratio and the color of the hornblende reflect the pre- 
vailing PH-,0' then the availability of water throughout the deposit 
must have been variable, even on a scale of millimeters.  The fluid 
was apparently transported along mafic foliation planes so that the 
amount of residual pyroxene and the type of hornblende vary widely 
from one mafic band to the next. 
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Diopside is absent where garnet has developed as a corona 
around a hornblende core.  In these corona structures, the horn- 
blende is brown and associated with ilmenite.  Diopside is rarely 
associated with brown hornblende, but this association is inde- 
pendent of the corona structures. 
The diopsidic augite is a raetamorphic recrystal1ization pro- 
duct derived syntectonically from igneous c1inopyroxene.  Metamor- 
phic reactions with c1inopyroxene as a reactant involve the forma- 
tion of hornblende and the subsequent formation of garnet (see 
"Garnet - Forming Reactions"). 
Optical properties, such as an optically positive sign, a 2V 
of 60°, and an extinction angle (I AC) of 43° suggest a diopsidic 
augite composition and are substantiated by electron microprobe 
analysis:  En.,,Fs. ,Wo,, (Ca ,vNa , Mg _Fc ,A1 ,Si, .01.  Table 14 
.>y  14  4/   .y  .1.7  . j> . Z      1.96 
includes an electron microprobe analysis of this clinopyroxene. 
Orthopyroxene 
Metamorphic pleochroic pink hypersthene is found in three 
textural associations, namely:  (1) in apparent equilibrium with 
diopsidic augite,  (2) sub-radially oriented anhedral grains around 
some of the garnet porphyroblasts, and  (3) sub-radially oriented 
anhedral grains around some of the green hornblende.  Electron 
microprobe analyses of these three types of hypersthene are given 
in Table 14. 
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TABLE 14.  Electron Microprobe Analysis of Pyroxene 
R7BTA2-C R7B7A2- •0 R4B15 R14B1 
  WEIGHT PERCENT -  
SiO-, 51 .51 52.58 55.66 51 .97 
ALO. 
2 J 
5.55 1 .61 1 .58 1 .98 
TiO^ 0.26 0.09 0. 08 0.09 
FeO 8.46 25.4 7 21 .58 21.71 
MnO 0.12 0.24 0.20 0.18 
MgO 15.02 21 .07 24.64 25.28 
CaO 22.00 0.58 0.44 0.4 7 
Na.,0 0. 76 0.01 0.00 0.00 
Cr.,0. 
2 J> 
0.02 0.00 0.01 0.00 
0.00 0.00 0.01 0.00 
0.88 0.00 0.02 0.02 
0.05 0.00 0.00 0. 00 
0. 75 1.19 1 . 55 1 .29 
0.26 0.74 0.65 0.67 
0. 16 0.07 0.06 0.09 
1 .92 1.97 1.95 1 . 92 
Sum        99.68        99.26      101.98     99.o7 
  NUMBER OF IONS ON THE BASIS OF 6 OXYGENS - - 
Mn 
Ca 
Na 
Mg 
Fe 
Al 
Si 
   END-MEMBER  MOLECULAR   PROPORTIONS   
En 58.8 61.0 66.5 65.0 
Fs 14.1 58.2 52.7 54.0 
IVo 4 7.1 0.80 0.85 0.95 
R7B7A2-C.  Clinopyroxene associated with green hornblende 
and orthopyroxene. 
R7B7A2-0.  Orthopyroxene associated with clinopyroxene. 
R4B15.  Orthopyroxene associated with calcic plagioclase 
and green hornblende. 
R14B1.  Orthopyroxene associated with calcic plagioclase 
and garnet porphyroblasts. 
Association With Diopsidic Augite 
Hypersthene occurs as a subordinate mineral associated with 
diopside in granular aggregates (Figure 18).  It is probably an 
additional reactant in the garnet - forming reaction.  The composi- 
tion of this hypersthene, as determined by electron microprobe 
analysis, is En61 Fs.^VOj (Fe ?Mgj ,A1 jSi., 00&). 
Association With Garnet Porphyroblasts 
Although diopsidic augite is more abundant than hypersthene 
in the mafic foliation bands, this textural occurrence of pyroxene 
is restricted solely to hypersthene.  Elongated anhedral grains of 
hypersthene occur in sub-radial orientation around some of the 
garnet porphyroblasts (Figure 8).  Equant grains of calcic plagio- 
clase are associated with the hypersthene and form a rim around the 
garnet porphyroblasts.  Both the hypersthene and the plagioclase 
are products of a post-deformational reaction involving garnet as 
a reactant.  (See "Late-State Reactions:  Garnet as a Reactant".J 
Both the hypersthene and the associated plagioclase were analyred 
by electron microprobe.  The radially oriented hypersthene is 
somewhat more magnesian than the hypersthene grains in apparent 
equilibrium with diopsidic augite.  Its approximate composition 
is En65Fs34Wo1(Mgli2gFei68Ca>02Al_ogSi1_9106).  The associated 
rim of plagioclase is significantly more calcic than the matrix 
plagioclase of the gneiss and its composition is An,, rAb,„ ,.0r _ 
adjacent to the garnet porphyroblasts. 
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Figure 18.  Photomicrograph showing granular aggregates of 
metamorphic clinopyroxene and metamorphic ortho- 
pyroxene which apparently crystallized as an 
equilibrium assemblage.  Some of the clinopyroxene 
has been transformed to green hornblende.  Plane- 
polarized light.  45X.  PCM = matrix plagioclase, 
Hbl(] = green hornblende, Cp = cl inopyroxene, 
Op = orthopyroxene. 
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Association With Green Hornblende 
The third association of hypersthenc is similar in both 
texture and composition to the second type described above. 
However, this hypersthene rims prismatic grains of" green hoi 
blende (Figure 9) rather than garnet porphyroblasts.  The area 
between the "fingers" of hypersthene which radiate from the horn- 
blende is occupied by equant grains of extremely calcic plagio- 
clase which is the most calcic plagioclase in the Ruby Mountain 
gneiss.  The composition of the hypersthene, as determined by 
electron microprobe analysis, is En r J:s., .Wo ,,(Mo. ., Fe , Ca _ 65 . /  J.I . 4  . 9   1 . J1  . 66  . 02 
Mn n,Al nqSi   0 ), and that of the associated calcic plagioclase 
is An_., oAb-,, q0r   -,( •     This hypersthene and the calcic plagioclase 
are reaction products of a late-stage metamorpluc reaction in which 
green hornblende was a reactant. 
Biotite 
Biotite is a minor but wel1-distributed mineral in the Ruby 
Mountain gneiss; only locally is it present in relatively large 
percentages.  Here the biotite occurs as pleochroic light brown 
to dark brown plates oriented parallel to the foliation in 
association with green hornblende (Figure 19). 
The biotite plates are approximately 1-2 mm in diameter and 
0.3 mm thick.  Both biotite and green hornblende appear to have 
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ligure 19.  Photomicrograph of green hornblende and brown biotite 
in a feldspathic phase of the Ruby Mountain gneiss. 
Plane-polari led light.  4SX.  Biot = biotite, Hbl(_; = 
green hornblende. 
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crystal 1i^ed simultaneously and there is no evidence that biotite 
developed from the hornblende.  This occurrence ot  abundant bio- 
tite may reflect a local variation in the bulk chemistry of the 
gneiss involving both a relatively high potassium content and 
high PH-,O; tnc two conditions may be further related in that 
mobile potassium may have been introduced with the water.  The 
rock containing this unusually high amount of biotite is unique in 
that the modal feldspar content is relatively high and mafic bands 
are thin and discontinuous.  There is no pyroxene associated with 
the biotite, which further supports the idea of high local P|j-,o- 
The hornblende associated with this biotite is the green variety 
which is otherwise associated with relatively dry regions marked 
by high pyroxene/hornblende ratios.  The reasons may be the presence 
of a competing hydrous phase such as biotite or a buffering reaction 
locally. 
In addition to the major occurrence described above and 
several minor occurrences of biotite in mafic foliation bands, 
there is one other significant biotite association.  Here biotite 
occurs as tiny oriented platelets in a plagioclase megacryst of 
probable igneous origin which, in turn, occurs in a relatively dry 
region of the gneiss.  The biotite must have formed when the mega- 
cryst was in an environment of relatively high l'j^g during post- 
igneous cooling.  Upon subsequent metaraorphism, the plagioclase 
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megacrysts were crushed and recrystal1ized, and the included 
biotite was destroyed except in this unique relict uncrushcd 
megacryst (see "PIagioclase" section for a more complete 
description and interpretation of the biotite inclusions). 
The biotite inclusions in the relict plagioclase megacryst 
are too small for analysis by electron microprobe.  The biotite 
in the mafic foliation bands has the following composition: 
K  -,Mg., „Fen  Ti _Si   Al7  0., , as elaborated in Table 13. 
Quart: 
Large auhedral grains of strained quartz are disseminated 
throughout the gneiss.  Quartz is not restricted to any particular 
textural association, although it is generally found as strained 
xenoblastic grains associated with the matrix plagioclase.  There 
are no garnet-quartz symplectites as reported by Martignole and 
Schrijver (1971) which suggests that the quartz in the Ruby 
Mountain rock is not a by-product of garnet formation. 
There is a distinctive minor occurrence of quartz associated 
with some of the ilmenite grains found in the cores of garnet 
coronas.  Mere, minute individual grains of quartz (identified 
microscopically) form a thin zone just inside the periphery of 
the auhedral ilmenite grains (Figure 20).  This textural relation- 
ship suggests that quartz was a by-product of ilmenite formation 
(see "Late-Stage Reactions:  Garnet as a Reactant"). 
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figure 20.  Photomicrograph of garnet corona showing an ilmenite 
core.  Anhedral grains of quartz form a zone along 
the outer edges of the ilmenite.  Plane-polarized 
light.  SOX.  11m = ilmenite, Qtz = quartz, Gar = 
garnet. 
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I lmenite 
There are three tcxtural occurrences of ilmenite in the 
Ruby Mountain gneiss, namely:  1) as the core of garnet coronas, 
2) as anhedral grains in some pyroxene ♦ hornblende * garnet 
bands, and  3) as inclusions in a plagioclase megacryst.  Electron 
microprobe analyses of the Fe-Ti oxide minerals are given in Table 
15. 
Core of Garnet Coronas 
This is by far the dominant occurrence of ilmenite.  Ilmenite 
occurs in the cores of garnet corona structures where it typically 
appears as numerous inclusions within grains of brown hornblende 
(Figure 12, 13, 1-1).  In some cases the ilmenite has migrated from 
within the hornblende to the grain boundaries of the hornblende 
aggregates.  This ilmenite is of metamorphic origin and was pre- 
sumably formed subsequent to or contemporaneous with the formation 
of garnet coronas (hence, its restriction to sucli regions).  Inas- 
much as the occurrence of ilmenite inclusions and corona-type 
garnet is restricted to the brown hornblende association, it is 
concluded that the brown hornblende was once more iron-rich and 
more titaniferous than present compositions indicate.  The presence 
of abundant ilmenite with hematite in solid solution is a reflection 
of the relatively oxidizing environment of  the brown hornblende (as 
opposed to the FeO-poor green hornblende and pyroxene bands). 
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TABLE 15.  Electron Microprobe Analyses of Iron-Titanium 
Oxide Minerals 
R4B15-RS R4B1 1-1 R4B11-M 
  WEIGHT   PERCENT - - 
SiO., 0.01 0.04 0.04 
Ti07 50.95 4 9.02 0.04 
AL 0. 2   J 0.00 0.00 0.21 
Cr.CL 2    .> 0.04 0.02 0.09 
FeO* 48.55 4 9.90 95. 10 
MnO 0.51 0.25 0.00 
MgO 1 .48 0.98 0.07 
CaO 0.05 0.01 0.02 
V2°5 0.00 0.00 0.00 
Sum 101.16       100.12       94.58 
  NUMBER OF IONS ON THE BASIS OF 5 OXYGENS   
Ti 0.94 0.92 
Fe 1.00 1.04        2.98 
Mn 0.01 0.00 
Mg 0.05 0.04 
Al -- -- 0.01 
  END-MEMBER MOLECULAR PROPORTIONS   
Urn                          94 92 
Hem                             6 8 
Mt                             -- --                           99 
He                             -- --                             1 
R4B15-RS.  Ilmenite included in brown hornblende 
within garnet corona structures. 
R4B11-I.  Ilmenite associated with green hornblende, 
clinopyroxene, orthopyroxene , and magnetite. 
R4B11-M.  Magnetite associated with ilmenite in 
mafic band of green hornblende, clinopyroxene, 
and orthopyroxene. 
"Total Fe reported as FeO. 
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The formation of ilmenite may have been contemporaneous with 
the formation of garnet coronas from hornblende and plagioclase. 
♦ 4 
As garnet formed, the hornblende may have become enriched in Ti 
+ 3 
and Fe  which was expressed as llmcnitc.  Alternatively, the 
ilmenite may have formed contemporaneously with the shell of  recrys- 
tallined plagioclase subsequent to the formation of garnet.  (See 
"Garnet: Coronas" for a more complete discussion of this ilmenite.) 
Electron microprobe analysis of the ilmenite in the core of 
garnet coronas yields the following composition: 
Ti q.Fe, rvnMB nf0-H lmc)1Hem, ) .  There is no associated magnetite. 
Anhedral Grains in Some Mafic Bands 
Although ilmenite is generally absent from pyroxene and green 
hornblende bands, locally ilmenite occurs in association with these 
minerals.  Here it is found in contact with both hornblende and 
pyroxene as well as associated xenoblasts and porphyroblasts of 
garnet (in which the ilmenite is often included).  This ilmenite 
is older than the ilmenite associated with brown hornblende and 
garnet coronas.  It has participated as a reactant in garnet form- 
/ ing reactions, as inferred from the presence of ilmenite inclusions 
within the garnet.  Unlike the first type of ilmenite occurrence, 
there is no indication that this ilmenite was derived from horn- 
blende or garnet.  Rather, it appears that this ilmenite is either 
igneous ilmenite or recrystal1ized igneous ilmenite.  This ilmenite 
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also differs from the corona-structure ilmenite in that a discrete 
grain of magnetite was found in contact with a grain of ilmenite 
in a mafic band.  Electron microprobe analysis shows that the 
ilmenite is Ti q-,Fc  n,Mg  O.fllm licm )  and the magnetite is 
Fe2.98A1.01°4- 
Inclusions in the Plagioclase Megacryst 
Minute oriented rod-like inclusions of ilmenite occur parallel 
to the composition planes of the albitc twins in the plagioclase 
megacryst; they are associated with similarly-oriented inclusions 
of biotite.  The ilmenite rods are too small for quantitative 
analysis by electron microprobe. 
Accessory Minerals 
The accessory minerals in the Ruby Mountain gneiss are 
apatite, sphene, and rutile, in order of decreasing abundance. 
Apatite is found as inclusions of approximately 0.1 mm in 
length in both garnet and matrix plagioclase.  While the apatite 
rarely occurs as euhedral hexagonal prisms, it typically occurs as 
rounded prisms.  Apatite occurs in both corona and porphyroblastic 
garnet, and has no unique mineralogical or textural associations. 
Both euhedral and rounded grains of sphene are found in garnet 
porphyroblasts and garnet coronas and in matrix plagioclase.  Large 
grains of sphene (up to 0.7 ram in length) are found inside some of 
the garnet corona structures where they may be in contact with 
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hornblende, ilmenite, plagioclase, and/or garnet.  This sphcnc was 
probably produced during recrystal1iration of igneous pyroxene to 
metamorphic pyroxene.  Sphene also occurs in association with the 
recrystal1ized calcic plagioclase and hypersthene that formed from 
late-stage reactions of hornblende and plagioclase (see "Late- 
Stage Reactions"). 
Rutile occurs as round inclusions, 0.1 to 0.2 ram in size, in 
both porphyroblastic garnet and in plagioclase.  Rutile also occurs 
as very small needles oriented in three directions which intersect 
at 120° in some of the xenomorphic garnet associated with mafic 
bands (Figure 21).  It is probable that many garnet grains contain 
sub-optical rutile needles, as suggested by the presence of very 
inute rutile needles, which are resolvable only at very high 
agnification, in some porphyroblasts.  The rutile needles are 
probably exsolution bodies which indicate that the garnet originally 
contained more titanium than present compositions indicate. 
m 
m 
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Figure 21.  Photomicrograph of garnet containing three oriented 
sets of rutile needles.  Crossed nicols.  SOX. 
Gar = garnet, Rt = rutile. 
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INTRAGRANULAR /\ND INTERGRAXULAR COMPOSITIONAL 
VARIATIONS IN THE GARNET 
Garnet Porphyrob lasts 
Chemically zoned garnets have received considerable attention 
in the recent literature because of the possible relationship 
between the observed zoning profiles and the physical history of 
the enclosing rock. 
Several garnet porphyroblasts from the Ruby Mountain gneiss 
with diameters ranging from 1.1 cm to 5.0 cm (one porphyroblast 
with a diameter of 1.1 cm, one with a diameter of 1.2 cm, four with 
a diameter of 2.0 cm, one with a diameter of 5.8 cm, and one with 
a diameter of 5.0 cm) were analyzed with the electron microprobe 
at intervals of approximately one-tenth of the respective diameter 
in order to ascertain the nature and magnitude of intragranular 
compositional zoning.  The smaller garnets were selected from drill- 
core samples at various locations througout the deposit.  The 
larger garnets were obtained from very large pieces of freshly 
blasted rock from a large exploration cut on the southwestern 
boundary of the gneiss. 
The compositional characteristics from core to rim are as 
follows:  FeO and MnO decrease whereas MgO and CaO increase; these 
cation increases and decreases compensate for each other and thus 
maintain charge balance in the garnet.  Si, Al, and Ti concentra- 
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tions in each garnet profile are essentially uniform from core to 
rim.  The magnitude of the zoning varies from grain to grain, and 
increases with decreasing diameter of the garnet.  The largest of 
the garnets analyzed was homogeneous with respect to FeO, MgO, 
CaO, and MnO.  The smallest garnet analyzed showed the following 
zoning pattern:  FeO decreases by four weight percent from core to 
rim, MgO and CaO increase from core to rim by two weight percent 
each, and MnO decreases by one weight percent from core to rim. 
Garnets of intermediate size have zoning patterns of the same type 
but of smaller magnitude (Figures 22-29 and Tables lb and 17). 
The inner portion of each garnet porphyroblast is relatively 
homogeneous, but there is an abrupt change in composition near the 
periphery.  This suggests that zonation was the result of either 
1) exhaustion of a reactant phase during garnet growth, or  2) two 
stages of garnet growth.  If the Fe-enrichment in the core and Mg- 
enrichment toward the rims reflects an early breakdown of a 
reacting phase, it is probable that this phase was an Fe-Ti oxide 
mineral inasmuch as all other Fe-bearing phases contain Mg, and 
the early breakdown of these minerals would likely result in 
sympathetic Fe and Mg zoning profiles.  Alternatively, the zoning 
profile may reflect two stages of garnet growth, the second stage 
involving increasing pressure, with the garnets becoming increas- 
ingly more pyropic toward the rim.  The Ca zoning profile is 
probably passive; that is, the abundant Ca-bearing plagioclase 
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Figure 22.  Zoning profile of garnet porphyroblast 
of garnet = 1.1 cm. 
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TABLE lb. Electron Microprobe Analyses of Small Garnet 
Porphyroblast (1.1 cm) Showing Compositional 
Variation from Rim to Core (Interval:  1 mm) 
RIM CORE 
R10B8-1 R10B8-2 R10B8-5 R10B8-4 R10B8-5 R10BS-6 
  WEIGHT PERCENT -  
SiO., 59. 15 59.05 58.25 58.24 58.61 58. 24 
TiO 0.04 0.02 0.05 0.05 0.02 0.05 
ALO. 22.41 2 2.49 21 .68 22.0" 22.05 21 .81 
FeO 22.92 21 .69 22.64 24.64 25.54 24.97 
MnO 0.49 0.41 0.66 1 .05 1.27 1 .45 
MgO 8.25 9.07 8.11 7.09 7.15 6.55 
CaO 7.55 7.24 7. 55 6.51 5.54 5.51 
Sum     100.81     99.94     98.71     99.42     99.95     98.55 
 NUMBER OF IONS ON THE BASIS OF 12 OXYGEN'S  
Si 5.0 5.0 5.0 3.0 3.0 5.0 
Al 2.0 2.0 2.0 2.0 2.0 2.0 
Fe 1.4 5 1 .56 1.44 1.59 1 .65 1 . 66 
Mn 0.05 0.05 0.04 0.07 0.08 0.10 
Mg 0.95 1 .05 0.95 0.82 0.85 0.78 
Ca 0.61 0.58 0.60 0.52 0.46 0.47 
  END-MEMBER MOLECULAR PROPORTIONS   
Al       47.7     45.4      47.9     52.9 54.4 55.5 
Py      50.9     54.2      50.9     27.4 27.5 26.0 
Gr      20.5     19.5     19.9     17.5 15.5 15.6 
Sp       1.1       0.9       1.4       2.3 2.8 5.2 
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TABLE 1~.  Electron Microprobe Analyses of Relatively Large 
Garnet Porphyroblast (5.0 cm) Showing Compositional 
Variation from Rim to Core (Interval:  5 mm) 
RIM CORE 
Rl«2-1 Rl«2-2 Rl "2-5 R1 * 2 - 4 Rl«2-5 
- - 
 WEIGHT PERCENT   
SiO^ 59.19 59.15 59. 51 59. 18 59.50 
TiO^ 0.06 0.07 0.06 0.07 0.04 
A1203 21 .76 21.52 21 .86 21 .54 21.74 
FeO 25.15 25.59 25.54 25.50 25.06 
MnO 1.11 1.22 1 . 16 1 .25 1 .06 
MgO 6.22 6. 14 6.28 6.06 6.4 8 
CaO 5.95 5.89 5.86 5.75 6.11 
Sum 99.44 99.58 100.07     99.51     99.79 
  NUMBER OF IONS ON THE BASIS OF 12 OXYGENS   
Si          5.0 5.0 5.0 
Al          2.0 2.0 2.0 
Fe          1.67 1.69 1.68 
Mn          0.08 0.08 0.08 
Mg          0.75 0.75 0.74 
Ca          0.51 0.50 0.50 
  END-MEMBER MOLECULAR PROPORTIONS 
Al 55.7 56.5 56.1      5 
Py 24.9 24.4 24.8     2 
Gr 16.9 16.6 16.6      1 
Sp          2.0 2.7 2.5 
5. 0 5.0 
i 
.0 2.0 
1 . 70 1.65 
0. .08 0.07 
0. , 75 0.7 7 
0, .50 0.52 
6, .6 54 .9 
4 . 5 25.6 
6 . 5 17.2 
2 
. 7 2.4 
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phase acts as a buffer to the Ca content of the garnet, with Ca 
increasing towards the garnet rims to preserve stoichiometry. 
It is interesting to note that the zoning trends observed in 
the Ruby Mountain garnets differ substantially from the patterns 
commonly reported in the literature.  Whereas FeO and MnO decrease 
and MgO and CaO increase from core to rim in the Ruby Mountain 
garnets, most investigators report that MnO and CaO decrease and 
FeO and MgO increase from core to rim (Figure 30).  The only 
reported zoning patterns in garnet that resemble the zoning pattern 
of Ruby Mountain garnet, are those of (1) the giant garnets at the 
western end of the Gore Mountain deposit (Luther, 1976) and (2) the 
garnets from amphibolites in Western Ireland (Leake, 1972).  The 
magnitude of the zoning in garnets from Gore Mountain and Western 
Ireland is slight, but the general pattern resembles that of the 
Ruby Mountain garnets (Mn- and Fe-enriched cores and Mg- and Ca-rich 
margins).  Leake (1972) attributes the pattern to the late break- 
down of a Ca-rich mineral.  Although most Gore Mountain garnets 
are chemically homogeneous, Table 16 shows the pattern of a weakly 
zoned Gore Mountain garnet. 
The garnets which have been studied most extensively and 
described in the literature are from metapelites of different meta- 
morphic grade.  The bulk composition and mineral assemblages of 
these rocks differ markedly from those of the Ruby Mountain meta- 
gabbroic anorthosite.  The Gore Mountain gabbro, on the other hand, 
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TABLE IS.  Chemical Zonation in a Large Garnet Porphyroblast 
from the Western Part of the Gore Mountain Garnet 
Amphibolite (Luther, 1976) Which Shows the Same 
Trends as the Zoned Garnets at Ruby Mountain. 
Oxide Core Rim 
FeO 25.25 22.66 
MnO .82 .58 
MgO 10.61 11.58 
CaO 3.91 4.51 
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has a bulk composition rather similar to that of the Ruby Mountain 
gneiss.  Zoning patterns in garnet, therefore, may reflect the 
bulk composition and/or the mineral assemblages in equilibrium 
wi th the garnet. 
The anomalous chemical zoning pattern in the Ruby Mountain 
garnet places limits on the hypothesis that progressive metamor- 
phism is responsible for garnet coning.  Harte and Henley (1966) 
were the first to report that intragranular zoning from core to 
rim shows the same compositional trends as are found in garnets of 
increasing grade within a single pelite horizon.  They concluded 
that Fe and Mg must become increasingly stable in the garnet lat- 
tice with increasing metamorphic grade.  If the zoning of the Ruby 
Mountain garnets was produced during garnet growth (whether during 
progressive or retrogressive metamorphism), the fact that the FeO 
and MgO vary antipathetically precludes the interpretation that 
these two cations simply become more stable in the lattice at 
higher grades.  Therefore, although progressive metamorphism may 
often be a factor in producing zoning in garnet, it cannot be the 
only factor; the zoning must also reflect the partitioning of 
the cations between the garnet and the other minerals. 
The garnet zoning observed in this study may be explained in 
terras of the fractionation-depletion model suggested by Hollister 
(1966) and supported by many other investigators (Atherton, 1968; 
Emiliani and Venturelli, 1972; McAteer, 1976; Woodsworth, 1977). 
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This model is based on the greater affinity of specific cations for 
garnet than for the co-crystallizing minerals.  Only the garnet edge 
is in equilibrium with the "reservoir" at any particular time during 
garnet growth; the weight fraction of a particular element at the 
garnet edge is determined by the following expression (originally 
formulated for the removal of a liquid as it condenses from a multi- 
phase vapor): 
MG = AM0(1 - l^G) A - 1 
W0 
where MQ is the weight fraction of the element at the garnet edge, 
MQ is the weight fraction of the element in the whole rock prior to 
garnet crystallization, WQ is the weight of crystallized garnet, WQ 
is the weight of the original system, and A is the fractionation 
factor between the garnet and the reservoir minerals (A = MQ / M^ 
where MQ is the weight fraction of the element at the garnet edge 
and MR is the weight fraction of the element in the rock, excluding 
that amount already in the garnet).  Thus the bulk composition of 
the rock and the co-existing minerals are accounted for by the 
terms MQ and A, respectively.  In the case of the Ruby Mountain 
garnets, the zoning is determined by the fractionation factor 
between the reactants and the garnet, rather than between co- 
crystallizing phases. 
The work of Trzcienski (1977) further supports the hypothesis 
that the difference between Ruby Mountain garnet zoning profiles 
and the "normal zoning" in garnets from pelitic schists is due to 
the difference in bulk composition between gabbroic anorthositc and 
metapelitic rocks.  Trzcienski found a direct relationship between 
the Mn/Fe ratio of the host rock and the magnitude of the zoning in 
the garnet of the rocks he studied.  If the bulk composition of the 
host rock determines the degree of zoning in garnet, it must also 
affect the nature of the zoning, i.e., which elements preferentially 
fractionate into the garnet phase. 
The results of this study reveal that with increasing diameter 
the garnet porphyroblasts become more and more chemically homo- 
geneous.  While the variation in FeO is four weight percent from 
core to rim in the smallest of the crystals analyzed, the largest 
crystal shows no detectable concentration gradients with the electron 
microprobe.  These characteristics are not unique to the Ruby 
Mountain garnet.  Many investigators report that garnets in high- 
rank rocks are chemically homogeneous and attribute this homogeneity 
either to the subsequent homogenization of initially zoned garnets 
or to the initial growth of unzoned garnets.  The Ruby Mountain 
garnets represent a special type of homogeneous high-grade garnet 
in that the degree of  zoning is a function of size rather than meta- 
morphic grade inasmuch as the metamorphic conditions of pressure 
and temperature could not vary significantly within this small 
body of gneiss. 
Anderson and Olimpio (1977) found that the normal zoning pat- 
terns of garnets in pelitic rocks from South Morar, Scotland, could 
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be correlated with both size and metamorphic grade.  Within a single 
hand specimen, the smaller garnets are relatively strongly zoned 
with progressively larger garnets being progressively more homo- 
geneous with respect to Mn, Ca, Fe, and Mg.  Zoning in garnets of all 
sizes disappears with increasing grade.  They suggest that, since the 
larger garnets must have nucleated early and, therefore, were sub- 
jected to metamorphic conditions for longer periods of time, diffu- 
sional processes have produced chemically homogeneous garnets. 
The same reasoning can be applied to the Ruby Mountain garnets. 
The present chemically homogeneous character of the large garnets 
may not represent the composition of the mineral during growth. 
Because the larger garnets must have nucleated first (Kretz, 1973), 
one would expect that the cores of these grains would be highly 
enriched in Fe and Mn, the elements that tend to fractionate pre- 
ferentially into the Ruby Mountain garnet.  Instead, we find that 
the amount of Fe in the core of the largest homogeneous garnet is 
less than or equal to that found in the core of all the analyzed 
smaller garnets.  The Mn content of the core of each garnet is 
essentially the same for all sizes of garnet.  The rims of the large 
garnet crystals, on the other hand, are enriched in Fe and Mn 
relative to the rims of the smaller garnets.  These observations 
suggest that the larger garnets must have homogenized internally 
subsequent to their growth.  Actually, there must have been some 
homogenization of garnets of all sizes, but only the early-formed 
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large garnets had time to achieve complete homogeni:ation.  Anderson 
and Olimpio (1977) propose that volume diffusion during or after 
growth is the mechanism by which the original chemical zoning in 
the larger garnet crystals of their lower grade and all of the 
garnets of their higher grade was obliterated.  Assuming that garnet 
size is proportional to the amount of time the garnet was subjected 
to metamorphic conditions, it seems likely that the larger garnets 
were subjected to increasing diffusional homogenization during 
longer periods of annealing. 
An arithmetic average composition for each Ruby Mountain garnet 
porphyroblast was calculated from the compositions determined at 
regular intervals along a diameter (Table 19).  The larger crystals 
are significantly higher in almandine than the smaller crystals; the 
crystals range from about 481. to 56'1 almandine.  This trend is what 
would be expected if the larger garnets nucleated first, prefercn- 
tially fractionated iron (Fe  ) into their newly-formed cores, and 
at the same time depleted the reservoir in Fe  relative to the 
">♦ 
other cations.  The Mg  content varies antipathetically with the 
2 + 
Fe  content so that the relatively high almandine content of the 
larger grains is offset by a low pyrope content.  If the large 
garnets had nucleated and grown simultaneously with the small gar- 
nets (and, therefore, some factor other than time of growth deter- 
mined the size and the degree of homogeneity of the garnets), then 
the composition of the garnets would not be a function of size. 
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TABLE 19.  Average Composition of Large Garnet Porphyroblasts 
Based on Electron Microprobe Analyses 
Composition 
A147.8Py31.2Gr!9.0SPl.2 
A149.1Py30.3Grl8.9SPl.7 
A152.5Py27.8Gri7.8Sp2.0 
A150.4Py29.3Gr20.4SPl.S 
A152.0Py27.2^19.3^1.4 
A152.4P>'30.3Gri5.6SPl.9 
A153.3Py26.7Grl8.1Sp2.2 
A155.6Py25.0Grl7.0SP2.5 
Avg. Garnet Porphyroblast Al  Py  Gr Sp_, 
D i ame t e r 
R10B8 1.1   cm 
R3B4 1.2  cm 
R14B3 2.0  cm 
R2B5 2.0  cm 
R7B7 2.0  cm 
R14B4 2.0 cm 
Rlffl 3.8  cm 
Rl#2 5.0  cm 
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An alternative, although not entirely consistent explanation, 
may be offered for the relationship between zoning profiles and gar- 
net size.  If Pit Q differed from place to place in the gneiss during 
garnet formation, it may have been the controlling factor for both 
the size of the garnet and the degree of homogeneity.  Presumably 
a high P^ Q would facilitate  (1) the movement of required ionic 
constituents from the reservoir to the site of garnet formation thus 
resulting in larger garnets and, (2) internal diffusion within 
individual grains to approach homogeneity.  In this case the large 
garnets would never have been zoned inasmuch as they would have been 
homogenized continuously during growth.  Simultaneously, the crys- 
tals that ended up as the smaller garnets would have grown in a 
relatively dry environment and would have developed compositional 
zoning because of relatively low diffusion rates under relatively 
dry conditions.  However, such a model is unlikely for the following 
reasons: 
1) There is no independent evidence to suggest a direct 
relationship between garnet porphyroblast size and 
prevailing P(^0 • 
2) The larger garnets are approximately 8"u richer in the 
almandine molecule than the smaller garnets.  The 
relatively high fractionation of Fe  in the larger 
garnets suggests that they nucleated before the smaller 
garnets nucleated; the longer period of growth is pro- 
bably sufficient to account for their larger size. 
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The role of water in determining garnet size is, therefore, sub- 
ordinate to the amount of time during which the garnet grew. 
It is concluded that the larger garnets nucleated before the 
smaller ones, thus incorporating relatively high amounts of Fe in 
their core.  As the smaller garnets nucleated, there was less and 
less Fe available, resulting in zoned garnets with an average 
composition lower in almandine than that of the larger garnets. 
The larger the garnet porphyroblast, the more chemically homogeneous 
it is and this reflects a relatively long period of internal homo- 
genizat ion. 
Corona Garnet 
Several garnet coronas were analyzed in order to ascertain 
their radial zoning profiles.  Corona-type garnets are found through- 
out the gneiss and occur in a characteristic assemblage, namely, a 
brown hornblende core with anhedral inclusions of ilmenite surrounded 
by a shell of recrystal1ized aggregates of plagioclase all of which 
is enclosed in a outer shell of garnet.  These garnet rims were 
analyzed in a series of traverses from the outer edge (in contact 
with matrix plagioclase) to the inner edge (in contact with the 
recrystal1ized aggregates of plagioclase).  The results of these 
analyses are represented by the analyses in Table 20.  There is no 
consistent chemical variation pattern from outer edge to inner edge 
of the garnet coronas.  Most of the traverses show a slight increase 
13: 
TABLE 20.  Llectron Microprobe Analysis of Garnet Corona 
Composition as a Function of Radial Position 
from Outer Edge of Matrix Plagioclase to 
Inner Edge of Recrystal1ized Plagioclase 
Aggregates 
OUTER EDGE INNER EDGE 
R7B7A-1 R7B7A-2 R7B7A-3 R7B7A-4 R7B7A-5 
  WEIGHT PERCENT  
SiC, 58.34 59. 33 58.85 38.80 59. 18 
TiO? 0.07 0. 14 0. 13 0.10 0.11 
Al-O. 2 ^ 21.21 21.26 20.99 21.67 21 .20 
FeO 25.29 24.18 23.31 24 . 02 24.54 
MnO 0.96 1.02 1.04 1. 17 1 . 18 
MgO 7. 10 6.97 7.22 6. 55 6.95 
CaO 6.81 7.55 7.4 5 7.55 7.49 
Sum 99.78 100.4 5 99.4; 99.64 100.44 
- NUMBER OF IONS ON THE BASIS OF 12 OXYGENS - 
Si 
Al 
Fe 
Mn 
Mg 
Ca 
3.0 3.0 3.0 3.0 3.0 
2.0 2.0 2.0 2.0 2.0 
1.58 1.53 1.50 1.55 1.55 
0.06 0.06 0.07 0.08 0.08 
0.80 0. 79 0.82 0.76 0.78 
0.55 0.61 0.60 0.61 0.61 
Al 
Py 
Gr 
Sp 
- END-MEMBER MOLECULAR PROPORTIONS - - 
52.8      51.0      50.2      51.8 
26.8      26.4      27.4      25.5 
18.5      20.5      20.2      20.3 
2.1       2.1        2.3 •     2.6 
51 .5 
26.1 
20.2 
2.6 
1J4 
in the almandine component at both the inner and outer edges of the 
coronas, but otherwise the corona garnets appear to be quite homo- 
geneous . 
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DEVELOPMENT OF GARNET IN THE RUBY MOUNTAIN GNEISS 
Rock Chemistry and the Appearance of Garnet 
DeWaard (196S) proposed that the presence or absence of garnet 
in the meta-basic rocks of the Adirondacks is controlled by the 
bulk composition of the rocks.  He illustrated this dependence on 
an ACF diagram in which the garnet-free rocks plot on the an-hb-cp 
side and garnet-bearing rocks plot on the an-hb-ga side of the an-hb 
join, respectively.  The Ruby Mountain garnet-bearing rocks conform 
to this generalisation (see Figure 31). 
Buddington (1965) concluded that the development of garnet 
within Adirondack rocks is not dependent on minor variations in 
whole-rock chemistry.  He emphasized instead the importance of 
temperature in determining the appearance of garnet and proposed 
that the temperature required to form garnet may "vary with the 
minerals entering into the chemical reactions" (p. 81). 
Leake (1972) found that the appearance of garnet in Connemara 
(Western Ireland) amphibolites is related to the Mg/(Mg ♦ Fe) of 
the rock and the Mn concentration.  He found that all garnet-bearing 
amphibolites have a Niggli mg (mol. MgO/(MgO+ 2Fe?0, + MnO)) less 
than .55 and contain at least .28%  MnO.  The Niggli mg values for 
the Ruby Mountain gneiss are compatible with Leake's data (mg= .42 
for the dark phase and mg = .52 for the light phase).  Both the dark 
and the light phases of the Ruby Mountain gneiss, however, have only 
.19%  and .18^ MnO, respectively. 
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Martignolc and Schrijver (1973) studied the effect of rock 
composition on the appearance of garnet in the Adirondack 
2*    *2 
anorthosite-chamockite suites.  They found that the l-e  / Mg 
ratio of the rock is the strongest indicator of the presence of modal 
garnet.  Figure 32 shows the data of Martignolc and Schrijver 
2* 
plotted in the form of the cation ratio 100 Mg/(Mg + Fe  ) against 
the normative ratio 100 Ab/(Ab*An).  The Ruby Mountain analyses 
both plot within the region of garnet-bearing rocks. 
Garnet-Forming Reactions Proposed by Earlier Investigators 
Buddington (1939) proposed the following general reaction for 
the formation of garnet in anorthosite and gabbroic anorthosite: 
hy + pc  -*  aug +■ hbl ♦ gar 
In support of this reaction, he noted the relative abundance of 
hypersthene in the less deformed facies and the dominance of augite 
in the granoblastic facies.  He suggested that as the mafic minerals 
react with plagioclase to form garnet (and a more sodic plagioclase), 
calcium is released; the calcium, in turn, reacts with the hyper- 
sthene to form clinopyroxene.  This same basic reaction was modi- 
fied in a later paper (Buddington, 1965) to 
an «- hy ♦ ol  -*■ gar + cp. 
Griffin (1971) reported the formation of garnet coronas in 
anorthosites of the Upper Jotun Nappe in Norway.  These reactions 
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involve the production of the metamorphic assemblage orthopyroxene- 
clinopyroxene-spinel-garnet-amphibole from the igneous assemblage 
plagioclase-spinel-clinopyroxene-olivine.  The textures he described 
are cores of olivine surrounded sequentially by shells of ortho- 
pyroxene, clinopyroxene, garnet, and a garnet-c1inopyroxene-spinel- 
plagioclase symplectite.  The garnet coronas at Ruby Mountain are 
believed to have formed essentially from hornblende and plagioclase; 
there is no olivine or pyroxene associated with these corona struc- 
tures.  Porphyroblastic and xenoblastic garnet, on the other hand, 
were produced from orthopyroxene, clinopyroxene, hornblende, and 
plagioclase; they do not, however, have the concentric mineralogy 
characteristic of the Norwegian garnet coronas.  Griffin and Meier 
(1969) proposed that the garnet in the Norwegian Lofoten-Vesteraalen 
granulite-facies rocks was formed by several retrograde reactions. 
The net reaction 
ol <- an -    op + ga 
which they observed as coronas in anorthosites, resembles reactions 
which reportedly occur (Green and Ringwood, 1967] with increasing 
pressure at high temperature or decreasing temperature at high 
pressure.  Griffin and Heier (1969) concluded that the anhydrous 
nature of the reaction was responsible for incomplete reaction and 
the development of coronas.  This argument cannot be applied to the 
Ruby Mountain coronas where hornblende, a hydrous phase, is a 
reactant in garnet corona-format ion. 
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Rocslcr (1920) reported reaction rims of garnet in the anortho- 
site of the Mount Marcy Quadrangle in the Adirondack Highlands.  He 
proposed the following reaction: 
2hy ♦ an  -  ga ♦ qtz. 
The formation of garnet by this reaction is supported by the pre- 
sence of unstrained inclusions and intergrowths of quartz in the 
garnet and by the location of garnet rims at pyroxene-plagioclase 
interfaces. 
Martignole and Schrijver (1971) proposed that the following 
garnet-producing reaction occurred under high pressure with decreas- 
ing temperature (as the anorthositic intrusions cooled and solidi- 
fied) : 
op *  an ■* ga ♦ qt: ♦ cp 
This reaction is supported by the presence of garnet + quartz ♦ 
symplectites at orthopyroxene-plagioclase or oxide-plagioclase 
interfaces.  The retrograde nature of this reaction is supported by 
the experimental results of Green and Ringwood (1967) for anhydrous 
assemblages. 
Whitney and McLelland (1973) studied the development of garnet 
coronas in olivine gabbros of the Adirondacks.  One reaction results 
in the formation of a garnet corona around an olivine core, where 
olivine and plagioclase were once in igneous contact.  A shell of 
recrystallized plagioclase separates the residual olivine (or 
pyroxene) from the garnet corona.  Whitney and McLelland proposed 
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that this plagioclase shell formed contemporaneously with the gar- 
net as a supercritical aqueous phase dissolved and redeposited 
plagioclase.  The garnet is the product of  two reactions: 
ol + pc ■*■    op + cp + sp 
and 
pc + op + sp -* gt. 
Each of these reactions is expressed as the sum of three partial 
reactions.  Whitney and McLclland (1975) also reported garnet 
coronas around amphibole-oxide cores.  This occurrence differs 
from the Ruby Mountain coronas around hornblende and ilmenite in 
that the Ruby Mountain hornblende did not develop from the oxide 
and there is no spinel at Ruby Mountain.  Whitney and McLclland 
(1973) concluded that the garnet-producing reactions which formed 
garnet coronas in the Adirondack Highlands gahbros took place with 
declining temperature at a constant total pressure of approximately 
8 kb. 
In a subsequent paper, McLclland and Whitney (1977) proposed 
garnet-producing reactions for the anorthosite-charnockite rock 
suite.  Again, the reactions consist of partial reactions that 
occur at different locations in the rock.  The net reaction involv- 
ing the formation of garnet at plagioclase-oxide and plagioclase- 
orthopyroxene interfaces with the simultaneous production of a more 
sodic plagioclase and the replacement of orthopyroxene by clino- 
pyroxene can be simplified and summarized as follows: 
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an * op * qt; * o.x  -*■ gt * cp. 
In their most recent paper, McLelland and Whitney (1980) pro- 
posed two general garnet-forming reactions that account for roost of 
the garnet occurrences in Adirondack meta-igneous rocks including 
gabbro, anorthosite, charnockite , norite, and ferrodiorite.  These 
reactions are anhydrous and, therefore, are not directly applicable 
to the hornblende-rich Ruby Mountain gabbroic anorthosite.  The two 
basic reactions are  1) a single stage garnet-forming reaction and 
2) a two-stage garnet-forming reaction.  The single-stage reaction 
takes place in rocks in which the l£n content of the orthopyroxene 
is less than 60V  Here, garnet forms directly from plagioclase and 
adjacent mafic silicates or oxides according to the following 
reaction: 
8NaAlSi„0o * 4yCaAl,Si,0o ♦ 10(y*l)(MR,Fc)*~ 
albite      anorthite 
 > 
2(y*l)Ca(Mg,Fe)5 ♦ (12-4y)Si*4 ♦ 8Na* ♦ 2(y-l)Ca*" 
garnet 
where y = the number of moles of anorthite per 2 moles of albite. 
A partial reaction in nearby plagioclase results in the formation 
of a less calcic plagioclase with spinel inclusions.  At the same 
time, olivine is replaced by orthopyroxene, and orthopyroxene is 
replaced by clinopyroxene.  Iron oxide (either ilmenite, ferrian 
ilmenite, or titaniferous magnetite) also breaks down and partici- 
pates as a reactant. 
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In the two-stage reaction, plagioclase, iron-oxide, and olivine 
first react to form a two-pyroxene-spinel assemblage which, in turn, 
becomes unstable and forms garnet.  The two-stage reactions take 
place in the more Mg-rich Adirondack igneous rocks (the olivine 
gabbros).  The first reaction is written as follows: 
(y ♦ 1 ♦ w)(CaAl_Si_0_) ♦ 2k(Mg,Fe),SiO, * 2(1-k)Fe-oxide 
Z      Z    o Z 4 
anorthite       olivine 
■ » 
(Mg,Fc)Al,0 * Ca(Mg,Fe)Si.,0 ♦ 2k(Mg,Fe)SiO. 
spinel      clinopyroxcne  orthopyroxcne 
where y is the number of moles of anorthite per two moles of albite; 
w reflects the mobility of silicon (when w=2, silicon is relatively 
immobile; when w=0, the mobility of silicon is at a maximum); k is 
1 when only olivine is involved in the garnet-forming reaction; k is 
0 when only oxides are involved. The second stage of garnet produc- 
tion is characterized by the following reaction: 
4(y ♦ 1 ♦ w)CaA1.5i_0o + 8kw(Mg,Fe).SiO, + 8w(l-k)Fe-oxide 2 Z   o 2   4 
anorthite olivine 
♦ (16(y ♦ 1) -8kw)(Mg,Fe)SiO, 
orthopyroxene 
 > 
4(y * l)Ca(Mg,Fe)5Al4Si6024 ♦ (4w -4(y ♦ 1)) (Mg, FeJAl^ 
garnet spinel 
♦ 4wCa(Mg,Fe)Si70 
cl inopyroxene 
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All of the reactions proposed in the literature involve the 
reaction of anhydrous mafic phases with plagioclase to form garnet, 
but in the Ruby Mountain gneiss, hornblende is a major reactant. 
Whereas c1inopyroxene is generally reported to be a product of 
garnet-forming reactions, one of the Ruby Mountain garnet - forming 
reactions involves clinopyroxene as a reactant. 
Garnet-Forming Reactions in the Rubv Mountain Gneiss 
General Statement 
Two garnet-forming reactions have been deduced to explain the 
occurrence of garnet in the Ruby Mountain gabbroic meta-anorthosite, 
Both reactions are common throughout the anorthositic gneiss, and 
both appear to have been operative after the deformational event 
that produced the foliation.  The two reactions, which are charac- 
terized by the presence or absence of pyroxene, are summarized as 
follows: 
1) This reaction occurs at the interface between brown 
hornblende and plagioclase.  The interface reaction of 
these minerals along with additional iron (probably from 
an Fe-oxide phase or an originally more iron-rich horn- 
blende) results in the development of garnet, quartz, and 
sphene.  This reaction appears to underlie the develop- 
ment of the corona-garnet structure as well as some of 
the garnet porphyroblasts. 
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2)   This reaction takes place at sites in the gneiss 
where c1inopyroxene is a major phase and green 
hornblende is a subordinate phase.  Both clino- 
pyroxene and green hornblende are mafic reactant 
phases in the garnet-producing reaction which 
resulted in the development of both discrete 
single-crystal garnets and porphyroblasts of 
garnet. 
These proposed garnet-forming reactions in the Ruby Mountain 
gneiss differ from the reactions invoked by other investigators for 
other Adirondack anorthositic and gabbroic rocks in that significant 
amounts of hornblende and clinopyroxene are reactants. 
Interface Reaction Between Brown Hornblende and Plagioclase 
Corona garnet in various stages of development occurs at the 
+ 3 interface between brown relatively Fe  -rich hornblende and matrix 
plagioclase.  A shell of recrystal1i:ed plagioclase, interpreted as 
a post-garnet phase, separates the hornblende core from the garnet. 
The garnet generally takes the form of a continuous or discontinuous 
ellipsoidal shell around the hornblende; in the more advanced stages 
of garnet development, the hornblende core is consumed and the gar- 
net becomes more and more porphyroblastic (Figures 6, 12, 13). 
Although the brown hornblende may have had some original inclu- 
sions of ilmenite, most of the large anhedral grains of ilmenite 
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present in the cores are believed to have originated subsequently to 
or comtemporaneously with garnet formation; it is probable, however, 
that some Fe-oxide did participate as a reactant in the garnet- 
forming reaction. 
Using the chemical composition of the hornblende, garnet, matrix 
plagioclase just outside the garnet corona, and an average composi- 
tion of matrix plagioclase (all determined by electron microprobc 
analysis), the reaction at the interface between brown hornblende and 
matrix plagioclase may be expressed as follows: 
•
5
^27N^51Cal.77M«2.39F<214F:^55Mn.01T^24A1:.3OSl5.80O2:(O,^^ 
brown hornblende 
♦ K   Na ,_Ca ,,A1    Si, . ,0_  ♦  1.2Fe** *  . l.Mn 
.02  .45  . 5J  1 . 5J  2.4/8 
matrix plagioclase 
 > 
1
-'
JFei.50M8.82Ca.60Nln.07A12(Sl°4)3 * " 5H2° * -8Sl°2 * ' lTl*5 
garnet quart; 
* •
2K
.02Na.49Ca.49A11.49Si2.Sl°8 * -5Ca" + '6Na* + '2K* 
plagioclase contiguous with 
outer edge of garnet corona (Equation 1) 
Such a reaction would result in the development of garnet and would 
explain the transformation of the matrix plagioclase (An,.,) to a 
somewhat more sodic composition (An  ) .  Since the hornblende alone, 
based on its present composition which may represent its minimum iron 
content, cannot supply sufficient iron to form garnet of the appro- 
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priate composition, it is possible that the additional iron was 
supplied by an oxide phase. On the other hand, the original 
hornblende may have been and probably was sufficiently iron-rich. 
Significant amounts of calcium, sodium, potassium, and silicon ions 
are released in this reaction.  It is not known how these cations 
are expressed mineralogically; present compositions of the co- 
existing phases indicate that there is insufficient aluminum to 
form plagioclase.  The following theoretical considerations may 
improve the integration of chemical stoichiometry with mineralogy: 
1) The apparent deficiency in iron and the excess of 
calcium and titanium in the reactants and products, 
respectively, may be resolved in part if an originally 
less calcic, more ferrous, less titaniferous hornblende 
participated in the reaction.  If this is correct, it 
implies that the composition of the hornblende changed 
during garnet-format ion. 
2) The late-stage reaction between the hornblende and the 
garnet in which plagioclase was produced (see "Late- 
Stage Reactions: Garnet as a Reactant") may have also 
changed the composition of the hornblende. 
The arrested development of the garnet in the form of coronas 
can be explained by the following model: 
The relatively high Fe  / Fe " ratio of the brown 
hornblende (as compared with the green hornblende) 
may have inhibited garnet growth inasmuch as the 
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garnet structure does not readily accept ferric 
iron.  If ilmenite was associated with this 
hornblende prior to garnet formation (either as 
exsolution bodies in the hornblende or as recrystal- 
lined primary oxides), the tItanium,which could not 
be accommodated in the garnet structure, may have 
combined with the iron to form oxide, so that the 
supply of ferrous iron was limited for garnet forma- 
tion. 
Interface Reaction Between Pyroxene-Hornblende Aggregates 
and Plagioclase 
This reaction is not as wel1-documented as the brown hornblende- 
plagioclase reaction because most of the garnet produced here occurs 
as equidimensional prophyroblasts, and therefore, most reaction 
relationships are obliterated.  The reaction can best be interpreted 
where xenoblastic grains of garnet occur locally in association with 
mafic bands that contain clinopyroxene, green hornblende, and minor 
orthopyroxene, with or without iron-oxides.  These xenoblastic gar- 
nets may contain inclusions of the reacting phases. 
This reaction, which involves clinopyroxene and orthopyroxene 
as reactants may be expressed as follows, using electron microprobe 
analyses of co-existing green hornblende, clinopyroxene, ortho- 
pyroxene, garnet, and an average composition of matrix plagioclase: 
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•
2K
.19Na.b3Cai.75Mg2.51FeK19Fc.54Ml1.01Ti.13A12.35Si5.93O22(Otr)2 
green hornblende 
+
  •
5Ca
.88Na.05Mg.74Fe.22Ti.01A1.15Sl1.92°6 
c1inopyroxene 
+
  -
1M
«1.22Fe.76Ca.06Mn.01A1.07Si1.93°6 
orthopyroxene 
+
  
1
-
1K
.02Na.45Ca.53A11.53Si2.47°8 * 1"1Fe++ 
matrix plagioclase 
 > 
l
-
1Fe1.52M8.88Ca.55Mn.04A12CSiO4)3 * '2H2° + -8Ca++ 
garnet 
«■  .IK*  ♦  .7Na+ «■  1.8SiO,  ♦  .10, 
quart: 
(Equation 2) 
The stoichiometric relationships in this reaction lead to an excess 
+2 
of calcium, potassium, and sodium and a deficiency of Fe  .  The 
source of the additionally required iron may have been a now 
exhausted iron oxide phase or, more likely, an originally more 
iron-rich, less calcic hornblende and/or pyroxene. 
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LATE-STAGE REACTIONS 
Garnet as a Reactant 
The last metamorphic event recorded in the Ruby Mountain gneiss 
is manifested in three different textural associations.  Two of 
these involve garnet as a reactant; garnet is not a reactant in the 
third association.  The textures involving garnet as a reacting 
phase are  (1) garnet corona structures in -which the hornblende of 
the core reacted with the surrounding garnet rim and associated 
sphene to form an inner shell of plagioclase aggregates and rounded 
grains of ilmenite which occur as inclusions in the hornblende, and 
(2) garnet-plagioclasc reaction at the interface between some of 
the garnet porphyroblasts and the groundmass plagioclase, where 
these minerals have reacted to form orthopyroxene and a more calcic 
plagioclase. 
In Garnet Corona Structures 
The first of these garnet-consuming reactions is the most 
common.  All of the garnet corona structures contain a core of 
ilmenite ♦ hornblende and an inner rim of plagioclase aggretates, 
whereas only rare crystals of garnet show partial reaction to 
orthopyroxene and calcic plagioclase.  Figure o shows the typical 
corona structure in which the brown hornblende core containing 
rounded grains of ilmenite is surrounded by an inner rim of 
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recrystal1ized plagioclase and an outer rim of garnet.  The 
occurrence of ilmenite inclusions in brown hornblende is restricted 
to this structure. 
This mineral association (hornblende ♦ ilmenite * garnet ♦ 
plagioclase) is very similar to the hornblende-rimmed garnet 
porphyroblasts of the Gore Mountain garnet amphibolite described 
by Luther (1976).  The occurrence at Gore Mountain differs from 
that at Ruby Mountain in the following ways:  1) The original 
reaction interface in the Ruby Mountain gneiss was between horn- 
blende core and a garnet rim, but the original reaction interface 
in the Gore Mountain gabbro-derived amphibolite was between a gar- 
net porphyroblast and a hornblende rim; in both rocks, however, the 
inner rim of recrystal1ized plagioclase embays both the hornblende 
and the garnet.  2) Although the reactants in both rocks are horn- 
blende and garnet, the reaction products in the Gore Mountain 
amphibolite are plagioclase, orthopyroxene, and biotite whereas those 
in the Ruby Mountain gneiss are plagioclase and ilmenite. 
Inasmuch as the inner rim of plagioclase in the Ruby Mountain 
garnet coronas may reflect the same regional metamorphic event as 
the inner rim of plagioclase at Gore Mountain, a review of previous 
ideas on the formation of the inner plagioclase rim at Gore Mountain 
is appropriate.  The controversy over the relative timing in 
regional metamorphism of the inner rim of plagioclase is expressed 
in the conflicting opinions of DeWaard (1965a) and Buddington (1966). 
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Based on the observation of Levin (1950) that the inner rim con- 
sists of plagioclase and hypersthene, DeWaard wrote the following 
react ion: 
NaCa2(Fe,Mg)4Al3Sib022(OM)2 * (Fe.Mg) .A^Si^ , ♦ 5Si02 
hornblende garnet        quartz 
 > 
7(Fe,MgJSiO. ♦ NaAlSi.O. + 2CaAl_Si,0o - H-0 
orthopyroxene   albite     anorthite 
If, as DeWaard supposed, garnet reacts with hornblende and quartz 
under granulite-facies conditions to form orthopyroxene and plagio- 
clase, then garnet is being consumed in such rocks.  DeWaard 
suggested that the above reaction took place during progressive 
metamorphism from almandine-amphibolite to granulite-facies condi- 
tions, involving either decreasing water pressure or increasing tem- 
perature.  The major drawback to the validity of this reaction is 
the virtual absence of free quart; in the Gore Mountain garnet 
amphibo1ite. 
Buddington (1966) offerred an alternative hypothesis for the 
development of the inner rim of plagioclase plus biotite or ortho- 
pyroxene.  He argued that the same mineral association is found in 
pressure shadows where the reaction proposed by DeWaard is inapplic- 
able.  Buddington concluded that r.he inner rim developed contempor- 
aneously with the garnet porphyroblast and the hornblende rim. 
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Unfortunately, he did not support this contention with specific 
reactions or an explanation of the grain-boundary relationships 
between the various minerals that form the corona structure. 
Contradicting DeWaard's hypothesis that the disappearance of gar- 
net and hornblende represents conditions of increasing mctamorphic 
grade, Buddington proposed the following general equation for 
Adirondack rocks passing from the hornblende-granulite to pyroxene- 
granulite subfacies: 
an + hb +  hy ■*    ga + cp *  ab + mt * ilm + H.,0 
He stated that he found "...no evidence that garnet anywhere dis- 
appears or diminishes with decrease of hornblende and increase of 
temperature (and probably pressure)." (Buddington, 1966, p. 332). 
Luther (1976) concluded that Buddington's interpretation of the 
inner plagioclase rim as contemporaneous with the garnet and horn- 
blende is less likely than the hypothesis that the inner plagioclase 
rim formed later by reaction of hornblende with garnet. He offered 
the following observations in support of this contention: 
1) The inner rim embays both the hornblende and the 
garnet. 
2) There is a significant difference in composition 
between the plagioclase of the inner rim and that of 
the groundmass of the amphibolite. 
3) The biotite is oriented with (001) tangential to 
the garnet porphyroblast, suggesting growth in the 
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direction of least resistance, subsequent to 
garnet growth. 
4) The inner plagioclase rim is essentially the 
same thickness regardless of the size of the 
garnet porphyroblast; the outer hornblende rim, 
on the other hand, varies sympathetically with 
garnet size and is interpreted as forming 
contemporaneously with the garnet. 
5) Inasmuch as  "...the hornblende corona is a 
plagioclase depletion rim, it seems improbable 
that plagioclase would accumulate in one very 
narrow zone between the garnet and the hornblende 
corona; i.e., plagioclase whould be depleted 
through the whole structure." (Luther, 1976, 
p. 152). 
Although the inner rim of plagioclase in corona structures of 
the Ruby Mountain gneiss differs from its Gore Mountain counterpart 
in the afore-mentioned ways, the two associations are sufficiently 
similar to suggest a common mode of origin.  For the following 
reasons, reaction between the hornblende core and garnet corona 
appears to be the most likely mechanism for the development of the 
inner plagioclase rim and of ilmenite in the core at Ruby Mountain: 
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1) The recrystal1ized plagioclase of the inner rim 
embays both hornblende and garnet. 
2) The plagioclase of the inner rim is more calcic 
by 4-5 mole percent anorthite than plagioclase 
immediately outside the corona structure. 
3) In places, finger-like protrusions of hornblende 
extend from the core through the inner rim of 
plagioclase to the inner edge of the garnet 
corona which suggests that the hornblende and 
garnet were once contiguous. 
4) Some garnet coronas completely surround the core 
which seemingly closes the structure to the 
entry of solutions from which plagioclase might 
have crystallized along the hornblende-garnet 
boundary. 
It is concluded that the following reaction effected the forma- 
tion of the inner plagioclase rim and the ilmenite inclusions in 
the hornblende core of the garnet corona structures at Ruby Moun- 
tain: 
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•
5
^29N^51C^.77•%.41Fel^5Fe!4Vln.01Ti.23A12.35Sl5.84022COH")2 
brown hornblende 
*   2Fe,   _.Mg   __Ca  , ,Mn  n. Al,(SiO_) .   ♦   1.7CaTiSiO.   ♦   .3A1*"*   *   .6Na* 1.52      .77      .64      .06     2 3   4 5 
garnet sphene 
2K
.01Na.44Ca.55A11.55Si2.45°8 * 2Fel.00M8.06M".01Ti.94°3 
plagioclase ilmenite 
+
 
1
-
2Fci.55M2.80Ca.59Mn.06A12(Si°3)4 * 2-9Si°2 * "3H2° 
garnet quartz 
♦ 2Ca*2 ♦ 1 .7Mg+2 ♦ .IK* * 20,, 
(Equation 3) 
The chemical composition of the phases was obtained by electron 
microprobe analysis of co-existing phases within the garnet corona 
structures.  The composition of garnet within an individual corona 
is variable, although there is no systematic zoning pattern. 
Therefore, the garnet composition used for the reactant phase above 
represents the average of several analyses from the outer edge of 
the garnet corona whereas the composition of the garnet product 
phase represents the average of several analyses from the inner rim. 
There is actually very little difference in composition between the 
assumed reactant and product garnet.  Hornblende forms the core of 
this structure and contains blebs of ilmenite.  The inner rim of 
plagioclase is finer grained and less deformed than the groundmass 
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plagioclasc outside of the corona structure.  The extra sodium 
needed for this reaction may have been provided by an originally 
more sodic amphibolc.  Alternatively, it is possible that a less- 
grossular-rich reactant phase garnet may have participated in the • 
reaction, resulting in the production of less plagioclasc; this 
would diminish the need for more reacting sodium. 
Sphene is found within the garnet corona structure, particu- 
larly in the inner plagioclasc rim, where it is in contact with 
all other major minerals (hornblende, ilmenite, and garnet).  Sphene 
also occurs as inclusions in the corona garnet.  The sphene is pro- 
bably a remnant mineral formed during initial metamorphic recrystal- 
lization of a highly titaniferous igneous pyroxene.  Much of the 
sphene was preserved during subsequent garnet-forming reactions, 
inasmuch as the garnet structure does not hold much titanium. 
The quartz liberated in the reaction of garnet and hornblende 
is expressed as minute grains which occur along the outer edges of 
many of the ilmenite grains (Figure 20) of the core, thus sub- 
stantiating the argument that the quartz and ilmenite are co-products 
of the same reaction. 
The large amount of excess Ca " as a product of the hornblende- 
garnet reaction suggests that perhaps not all of the titanium required 
by this reaction was supplied by sphene.  An alternative reaction 
follows: 
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•
5
^2yN^51C^.77M^.41f:c;::5,:e^>n.01Ti.25A12.55Sl5.84O22(0H"^ 
brown  hornblende 
*     
2Fei.52MS.77Ca.64Mn.06A12(Si°3)4     *     CaTiSi°5     +      -3A1*3 
garnet sphene 
+ 3 -1 ♦     Ti «■     . 6Na 
■> 
2K
.01Na.44Ca.55A11.55Si2.45°8  +  2Ti . 97Fei . 00^. 06^. 01°3 
plagioclase ilmenitc 
garnet quartz 
+ 2 + 2 * 
+  1.4Ca   ♦  1.7Mg   ♦  .IK 
[Equation 4) 
♦ 2 
This equation results in less excess Ca  in the products.  Other 
probable sources of titanium are an originally more titaniferous 
hornblende and/or garnet.  The texture of the ilmenite inclusions 
in the hornblende host suggests that the ilmenite was largely derived 
from the hornblende.  It is possible that the composition of the 
original reacting hornblende is not represented by the electron 
microprobe analyses of the present residual hornblende.  It would 
be consistent with the pattern of excess ions required by the 
reaction to propose a more titaniferous and sodic, and less calcic 
and magnesian reactant amphibole.  There is also evidence that some 
of the garnet was originally more titaniferous than its final com- 
position indicates inasmuch as some of the garnet porphyroblasts 
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contain oriented needles of rutile which record the exsolution of 
TiO^ from the garnets.  In the case of corona-type garnets in which 
rutile needles do not occur, the titanium may have been used up 
in the ilmcnite-forming reaction. 
A significant amount of magnesium is expressed as a residual 
product of the reaction as written.  While this may imply that the 
reacting hornblende and/or garnet were originally less magnesian than 
now, there is no consistent intragranular variation in the composition 
of cither the hornblende or the garnet to support this hypothesis. 
Alternatively, the excess Mg released during this reaction may have 
migrated along grain boundaries to the site of the presumably 
contemporaneous reaction:  gt + pc Ohb) -* op ♦ pc (see succeeding 
section). 
Despite allowance for the variable composition of the reacting 
phases, the above reactions are not completely stoichiometric on the 
scale of the defined corona structure; in other words, these appear 
to be open-system reactions.  This is not unusual in granulite-facies 
Adirondack rocks.  Luther (1976), for example, proposed the following 
general reaction for the development of the inner plagioclase rim 
between the garnet porphyroblast and the outer hornblende rim in the 
Gore Mountain amphibolite: 
hb ♦ gt -* pc ♦ bi 
Regardless of the garnet/hornblende ratio he selected for this 
reaction, the small amount of biotite thus produced could not account 
160 
for the quantity of excess Fe  and Mg  predicted by the reaction. 
Luther believes that these components were "...taken up by the 
surrounding ferro-magnesian minerals with little effect on their 
composition" (p. 151).  McLelland and Whitney (1977) expressed their 
garnet-forming reaction in terms of several partial reactions which 
occur at different locations, on the scale of a thin section; these 
are also open-system reactions, involving the migration of certain 
constituents between reaction sites. 
It is uncertain whether equations 3 and 4 represent a retro- 
gressive or a progressive event.  Factors suggesting retrograde 
conditions include (1) the relatively small grain size of the inner 
rim of plagioclase as compared with groundmass plagioclase  (2) the 
development of ilmcnite inasmuch as under very high-grade meta- 
morphic conditions iron and titanium would tend to be incorporated 
into hornblende and/or garnet, and (3) the consumption of garnet. 
On the other hand, because the reaction involves the hornblende as 
a reactant and the development of a relatively calcic plagioclase as 
a product, prograde conditions of increasing temperature are 
suggested. 
Interface Reaction Between Garnet Porphyroblasts and 
Groundmass Plagioclase 
Another manifestation of a metamorphic event that post-dated 
garnet formation occurs at the interface between some of the garnet 
porphyroblasts and the groundmass plagioclase.  Here, the garnet 
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and plagioclase have reacted to form orthopyroxene and a more cal- 
cic plagioclase.  This reaction may be related to the reaction pro- 
posed by DeWaard (see above) in which hornblende and garnet react 
with quartz to form orthopyroxene and a calcic plagioclase. With 
respect to the Ruby Mountain garnet porphyroblasts, however, horn- 
blende is not a reactant phase. The following reaction relation- 
ship (Figure 7) occurs locally and discontinuously around some of 
the garnet porphyroblasts: 
K _-Na ._Ca CTA1, ^Si. ,_0_ 
.02  .45  .53  1.53  2.47 8 
matrix plagioclase 
+
 
Fei.44M8.89Ca.64Mn.03A12(Si°4)3 + ■1Si°2 * -4Mg+2 * -2Na+ 
garnet quartz 
M81.28Fe.68Ca.02Mn.01A1.10Si1.93°6 
orthopyroxene 
* 
2Na
.33Ca.67A11.67Si2.33°8 * -8Fe+2 
plagioclase 
(Equation 5) 
The chemical composition of the phases have been determined by 
electron microprobe analysis of the co-existing phases. The 
garnet formula represents its composition near the rim of the 
porphyroblast. The composition of the reacting plagioclase is the 
average composition of matrix plagioclase whereas the product 
plagioclase is an average composition of recrystallized plagio- 
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clase associated with the orthopyroxenc.  The plagioclase aggre- 
gates produced in this reaction are finer grained and significantly 
more calcic than the groundmass plagioclase of the gneiss.  The 
garnet porphyroblasts involved in this reaction are equidimcn- 
sional but anhedral.  The orthopyroxenc occurs as elongated grains 
(vermicules) oriented subradially to the garnet.  Some of these 
grains extend all the way to the edge of the garnet whereas others 
are separated from the garnet by plagioclase.  Some of this 
pyroxene has been altered to a serpentine mineral. 
The quart; required for this reaction is available because the 
matrix of the Ruby Mountain gabbroic anorthosite contains about 2% 
modal quartz, unlike the Gore Mountain amphibolite which docs not 
contain modal quartz despite the reaction proposed by DeWaard. 
The magnesium required by equation (5) was possibly derived 
from the presumably contemporaneous reaction (see Equations 3 and 4) 
occurring in corona-type garnet structures.  This reaction does 
yield excess magnesium, but evidence for equations 3 and 4 and 
equation 5 has not been observed in the same thin section.  Such an 
interpretation, therefore, would require movement of ionic consti- 
tuents on a scale of centimeters.  While the reacting phases of 
equation 5 are deficient in magnesium, they contain an excess of 
iron.  One possible explanation for this is that the garnet was 
originally more magnesian, and attained its present relatively 
iron-rich composition as a result of the orthopyroxene-forming reac- 
tion (Equation 5).  This explanation, however, is unlikely for the 
following reasons: 
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1) The difference in the Mg/Fe ratios of reactants (.61) 
and products (1.88) is large and could not be adjusted 
sufficiently by a reasonable change in garnet composition. 
2) Although the zoning in the garnet is not systematic, 
there is a measurable trend from iron-rich cores to 
relatively iron-depleted rims.  One would expect the 
rims to be enriched in iron relative to the core if the 
reacting garnet had been more magnesian and had acquired 
its present relatively iron-rich composition during the 
reaction. 
An alternative explanation for the additional magnesium required 
and the excess iron produced in equation (5) is the participation of 
another phase whose role is no longer visible in the rock.  Horn- 
blende, which is readily available in the groundmass, might have 
reacted with the garnet, plagioclase, and quartz to yield ortho- 
pyroxene and calcic plagioclase.  The higher Mg/Fe ratio of the 
hornblende (Mg/Fe for green hornblende is 1.69) would partially 
compensate for the deficiency in Mg  in equation 5.  The addition 
of hornblende as a reacting component would result in the following 
reaction: 
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3K
.17Na.63Cai.75%.52Fel218Fe:34Ti.14A12.34Si5.93°22(OH")2 
green hornblende 
+
  •
6Fei.44M2.89Ca.64M^.03A12(SiO4)3  +  -4Si°2 
garnet quartz 
+
  
K
.01Na.50Ca.49A11.49Si2.51°8 
plagioclase 
 > 
MB1.28Fe.68Ca.02Mn.01A1.10Si1.93°6 
orthopyroxene 
~> + 2Na _,Ca ,,A1. ,_Si_ ,_0o  +  -2H.0  +  .6Fe
+2
  ♦  .50 
.33  .67  1.67  2.33 8       2 
plagioclase 
(Equation 6) 
Although the addition of hornblende as a reacting phase increases 
the Mg/Fe ratio of the reactants and eliminates the need for 
+ 2 +2 
additional Mg  as a reactant, Fe  is still liberated in the 
reaction because orthopyroxene, the only ferromagnesian product 
phase, has a higher Mg/Fe ratio than either the garnet or the 
hornblende [Mg/Fe for orthopyroxene is 1.88). Therefore, it is 
concluded that this is an open-system reaction which may require 
+ "> +2 
additional Mg  and which results in the release of Fe 
The same ambiguous textures that make it difficult to con- 
clude whether the reaction of corona garnet with a hornblende core 
is a progressive or retrogressive reaction, make it difficult to 
determine the metamorphic direction of this reaction. The rela- 
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tively small grain size of the plagioclasc and the vermicular-like 
form of the orthopyroxene suggest crystallization at relatively 
low temperatures.  On the other hand, the relatively high anorthite 
content of the plagioclasc and the relatively high enstatitc content 
of the orthopyroxene suggest that this is a record of a metamorphic 
event of higher grade. 
If hornblende was a reactant (Equation 6), the breakdown of 
hornblende also suggests increasing temperature.  Figures 53 and 
34 show the breakdown of hornblende to pyroxene as a function of 
temperature and P\\jQ  and the univariant boundary between garnet - 
clinopyroxene-quartz and orthopyroxene-anorthite.  Note that the 
reaction of garnet could have been triggered by a drop in pressure 
at constant temperature.  A rapid drop in pressure might favor 
rapid crystallization, which may accound for the relatively small 
grain size and the vermiform character of the plagioclasc and 
orthopyroxene, respectively. 
Support for increasing temperature as a driving force for the 
reaction of garnet can be found in the retrograde (decreasing 
temperature at constant pressure) garnet-producing reactions of 
McLelland and Whitney (1977).  They proposed the following reaction 
for the formation of garnet in the anorthosite-charnockite suite: 
2CaAl^Si,0a + (6-a)(Fe,Mg)SiO_ + Fe-oxide 
anorthite     orthopyroxene 
♦ (a-2)SiO, = Ca(Fe,Mg)5Al4Si6024 ♦ Ca(Fe.Mg)Si206 
quartz garnet        clinopyroxene 
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Figure 33.  Stability of araphibole (Yoder and Tilley, 1962) 
167 
LOAD 
kb 
600  700  800  900 
Figure 34.  Stability of garnet-clinopyroxene-quartz 
(ga-cp-qu) assemblage (Green and Ringwood, 
1967). 
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where a is a function of the distribution of Fe and Mg between the 
several co-existing ferromagnesian phases.  Quartz may be either a 
product or a reactant depending on the relative amounts of Fe and 
Mg.  Note that the late-stage reaction at Ruby Mountain involving 
the reaction of corona garnet with hornblende to form ilmenite, 
quartz, and a more calcic plagioclase (Equation 5) is essentially 
the reverse of the reaction proposed by McLelland and Whitney, the 
main differences being  1) the absence of orthopyroxene as a pro- 
duct at Ruby Mountain and 2) the presence of hornblende rather than 
clinopyroxene as a reacting phase.  The reverse of this reaction 
(McLelland and Whitney, 1977) also resembles Ruby Mountain Equation 
5 in which porphyroblastic garnet reacts with the surrounding 
plagioclase and, perhaps, minor hornblende, to produce orthopyroxene 
and a calcic plagioclase. 
Based on 1) the composition of the plagioclase and ortho- 
pyroxene produced by reaction of the Ruby Mountain garnet (the most 
calcic and magnesian compositions of these phases in the gneiss, 
respectively), and 2) the reverse of the "retrograde" garnet-produc- 
ing reaction proposed by McLelland and Whitney (1977) it is concluded 
that these reactions are "prograde", i.e., they reflect an environ- 
ment of increasing temperature at relatively constant pressure 
following garnet formation.  On the other hand, the high Mg content 
of the orthopyroxene and the high Ca content of the plagioclase 
produced by equation 5 may reflect limited diffusional distances in 
a dry system. 
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Hornblende as a Reactant 
Another late-stage reaction in the Ruby Mountain gneiss occurred 
at the interface between some of the large grains of green hornblende 
and the surrounding groundmass plagioclase.  Garnet is not involved 
in this reaction, but the textural evidence for this reaction is 
similar to that for the porphyroblastic garnet-plagioclase late-stage 
reaction in that both reactions may be post-garnet, and, perhaps, con- 
temporaneous.  This mineral association suggests that hornblende and 
plagioclase reacted with a small amount of quartz to yield ortho- 
pyroxene and a very calcic plagioclase.  This reaction is similar to 
some of the reactions proposed by DeWaard to illustrate the transi- 
tion from almandine-amphibolite facies to granulite facies: 
hb + 4qt2 -*■  Sop + cp + 2pc + H.,0 
hb + 2bi ♦ 17qtz •*■     15op ♦ 4or + 3pc *   5H?0 
hb «• gt «■ 5qtz  - 7op «• 3pc + H?0      [DeWaard, 1965b) 
The pertinent reaction in the Ruby Mountain gneiss is: 
•
5
^17Na.63Cai.75Mg2.52Fel218Fe!34Mn.01Ti.14A12.34Si5.93°22(OH")2 
green hornblende 
+
 
K
.01Na.46Ca.53A11.53Si2.46°8  +  -5Si°2  +  -1Ti+3  +  -4M**2 
plagioclase quartz 
 > 
1
-
3MS1.33Fe.65Ca.02N1".01A1.06Si1.9406  +  -ZCaTiSiO,. 
orthopyroxene sphene 
*  
1
-
5Na
.25Ca.75A11.75Si2.25°8  +  -5H2°  +  -W  +  -lK* 
plagioclase 
(Equation 7) 
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The te.xtural evidence for this reaction is shown in the photo- 
micrograph of figure 8.  The composition of the co-existing phases 
was determined by electron microprobe analysis.  The hornblende 
involved in this reaction is chemically homogeneous as shown by 
electron microprobe analysis.  Its shape is very irregular because 
of its reaction relationship with the adjoining calcic plagioclase. 
The general texture is very similar to the texture of the interface 
reaction porphyroblastic garnet + plagioclase -* orthopyroxene ♦ 
calcic plagioclase (Equation 5).  The reaction involving the horn- 
blende is more extensive than that involving the garnet porphyro- 
blasts.  The fine-grained plagiolcase produced by the green horn- 
blende reaction (Equation 7) is the most calcic plagioclase in the 
Ruby Mountain gneiss.  The orthopyroxene grains are uniformly dis- 
tributed around those hornblende grains that have reacted, and they 
occur as elongated grains oriented radially to the larger horn- 
blende grains.  Scattered grains of sphene occur in the ortho- 
pyroxene-calcic plagioclase aggregates. 
The quartz required for the reaction expressed by equation (7) 
is readily available in the groundmass.  The deficiencies in 
titanium and magnesium is equation (7) probably indicate an 
originally more titaniferous and more magnesian hornblende and/or 
migration of these constituents from other phases.  It is not clear 
where the sodium and potassium released in equation (7) have gone. 
It is possible that the original hornblende was less alkalic or 
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that these constituents migrated to the site of another reaction 
where there is a deficiency in sodium (e.g., the reaction between 
the garnet coronas and hornblende cores; Equations 3, 4). 
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PHYSICAL CONDITIONS OF METAMORPHISM 
Several geothermometers and gcobarometcrs have been proposed 
and applied to estimate the physical conditions of metamorphism to 
which the Adirondack region was subjected.  These indicators of 
temperature and pressure consist of co-existing mineral pairs which, 
by textural criteria, are judged to have formed in equilibrium with 
each other.  Bohlen and Essene (1977 and 1980) have evaluated the 
dependability of various geothermometers and geobarometers in 
Adirondack rocks.  They concluded that the most precise and accurate 
temperatures were obtained from co-existing ilmenite and magnetite, 
and, in charnockitic rocks, from co-existing plagioclase and alkali 
feldspars.  In the Ruby Mountain gneiss, there is a very limited 
zone in which co-existing plagioclase and alkali feldspars are 
found.  Unfortunately, these are probably non-equilibrium 
assemblages; the plagioclase is antiperthitic and the associated 
discrete alkali feldspar may have formed by migration of exsolved 
potassium feldspar to grain boundaries of the antiperithite rather 
than in equilibrium with the plagioclase.  The feldspar thermometer 
cannot, therefore, be applied with confidence to this mineral pair. 
Hemoilmenite is by far the dominant iron-titanium oxide. Of 
all the opaque grains analyzed with the electron microprobe, 
only one grain of magnetite was found.  It was adjacent to two 
discrete grains of ilmenite; and it is pure magnetite, i.e., no 
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ulvospincl is present in solid solution.  Buddington and Lindsley 
(1964) developed an experimental geothermometer-f0_, barometer for 
magnetite-ulvospinel solid solutions in equilibrium with hematite- 
ilmenite solid solutions (Figure 35).  The composition of the co- 
existing magnetite solid solution and the ilmenite solid solution at 
Ruby Mountain are Mt.^-Us^ and Urn .Heni.  When plotted on a pro- 100  0       94  6       ' ' 
jection of the two solid-solution series in temperature-fO -composi- 
tion space, one must extrapolate beyond the region of their experi- 
mental data in order to obtain the conditions of temperature and fO? 
that this equilibrium association would represent.  It is evident 
that the equilibrium temperature of this mineral pair is unreason- 
-29 
ably low (approximately 300°C) as is the fO  (10 "  atm.) if it is 
to represent the temperature at which this high-rank gneiss was 
formed.  Texturally, the oxides are interstitial to the hornblende 
and pyroxenes but seemingly pre-date the garnet in which they are 
found as inclusions.  Inasmuch as there is no evidence for such 
low-temperature conditions prior to garnet formation, either the 
magnetite-ilmenite mineral pair does not represent an equilibrium 
assemblage or the pair has re-equilibrated upon cooling. 
The remaining geothermometers and geobarometers applied to 
Adirondack granulites are based on the partitioning of Fe and Mg 
cations between co-existing phases.  Bohlen and Essene (1980) 
evaluated the accuracy and precision of some of these mineral pairs 
as geothermometers and concluded that the garnet-biotite, garnet- 
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Figure 35.  Extrapolation (dashed) of the experimental graph of 
Buddington and Lindsley (1964), relating equilibrium 
temperature and fO? for co-existing magnetite- 
{jlvospinel and ilmenite-hematite solid solutions. 
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clinopyroxene, and orthopyroxene-clinopyroxene Mg-Fe exchange 
thermometers are not sufficiently sensitive indicators of tempera- 
ture variations.  In the Ruby Mountain gneiss, however, the only 
minerals in chemical equilibrium on textural grounds are ortho- 
pyroxene-clinopyroxene.  There are no minerals which, on the basis 
of texture, are unequivocally in equilibrium with the garnet and 
this precludes estimation of the pressure and temperature condi- 
tions of garnet formation. 
The orthopyroxene-clinopyroxene thermometer is significant 
in that it may record peak metamorphic temperatures and pressures. 
The clinopyroxene-orthopyroxene pair in the Ruby Mountain gneiss 
has the following Mg-Fe distribution coefficient (K„J: 
X^(1-X°P) 
According to Kretz (1963), igneous and metamorphic pyroxene pairs can 
be differentiated by their Fe-Mg distribution coefficients.  He con- 
tended that for igneous assemblages K [' •>   is approximately equal 
to 1.30, whereas for metamorphic assemblages K„ ^ ."is approxi- 
cpx-opx 
mately equal to 1.80.  For the Ruby Mountain gneiss, the K * . r 
value of 1.75 is clearly in the metamorphic range.  Saxena (1968a) 
calculated ideal distribution coefficients for granulite facies 
assemblages and gave a value of 1.67 for the clinopyroxene- 
orthopyToxene pair.  This suggests that the clinopyroxene- 
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orthopyroxene pair in the Ruby Mountain gneiss also equilibrated 
under granulite-facies conditions.  Figure 36a is a plot of 
Saxena's curve for granulite facies rocks, with data points taken 
from McLelland and Whitney (1977) and this study.  The close fit 
supports the argument that the pyroxene pair equilibrated under 
granulite-facies conditions. 
As stated above, there is no unequivocal textural evidence of 
equilibrium between other mafic mineral pairs at Ruby Mountain; 
many of the distribution coefficients, however, are actually very 
close to those calculated by Saxena (1968a and 1968b)(see Table 21), 
Although clinopyroxene and garnet are not co-products of the same 
reaction (clinopyroxene is a reactant in the garnet-forming reac- 
tion), they apparently formed under similar metamorphic conditions. 
Figure 36b is a plot of Saxena's curve for clinopyroxene-garnet 
equilibrium in granulite rocks.  The garnet composition used is the 
average of several analyses of porphyroblastic garnet, namely, 
A152Py29Gri8Sp2' 
The distribution coefficients between mafic phases at Ruby 
Mountain may also be compared with the distribution coefficients 
between mineral pairs in the Adirondack anorthositic rocks studied 
by McLelland and Whitney (1977)(see Table 21). 
Absolute temperature and pressure can be estimated using the 
curves of Raheim and Green (1974) for the partitioning of Fe and 
Mg between garnet and clinopyroxene.  It should be emphasized that 
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(b) 
0  .20 .40 .60 .80 1.0 
y  CpX 
Fe 
Figure 36.  (a) Distribution curve for co-existing clinopyroxene 
(Saxena, 1968 a and b).     Dots are data points 
from McLelland and Whitney (1977).  Open circle 
is for Ruby Mountain. 
(b) Distribution curve for co-existing clinopyroxene 
and garnet (Saxena, 1968 a and b).  Symbols the 
same as in (a). 
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TABLE 21.  Comparison of the Distribution Coefficient (Kp) for 
Ruby Mountain Mineral Pairs with Those Calculated 
by Saxena (1968a).   glfb = green hornblende, 
Cp = clinopyroxene, Op = orthopyroxene, Gt = garnet, 
bHb = brown hornblende, Bi = biotite, cOp = calcic 
orthopyroxene 
KD(i) 
1 
x
B 
l 
(1 
(1 
Ruby Mountain Saxena (1968a) 
„gHb-Cp 
*D(Fe) = 1.67 1.9 
vgHb-Op 
D(Fe) = 0.96 1.0 
„gHb-Gt 
D(Fe) = 0.33 0.33 
bHb-Gt 
KD(Fc) = 0.44 0.33 
KCp-Gt 
KD(Fe) = 0.20 0.16 
KCP-Op 
D(Fe) = 0.57 0.60 
.,Op-Gt 
KD(Fe) = 0.35 0.25 
Bi-gHb 
D(Fe) = 1.57 -no data- 
cOp-Gt 
D(Fe) = 0.50 0.25 
gHb-cOp 
D(Fe) = 1.14 1.0 
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TABLE 22.  Distribution Coefficients for Ruby Mountain (RM) 
Compared with Other Adirondack Anorthositic Rocks 
(McLelland and Whitney, 1977) 
RM   An-1   An-8  An -15  An-2  AD-23  An-7  An-5  Mg-51 
K^"CP   5.00   7.07   6.68   7.75 7.56 6.84 
D(Fe) 
Gt-Op 
'D(Fe) 
,Cp-0p 
'D(Fe) 
K^"°P  2.86  3.91   3.78  3.38 4.45 3.58 
K^P" ?    .57    .55    .56    .44    .47    .62    .42    .49   .52 
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garnet and clinopyroxene are not co-products and that their use as 
a geothermometer for Ruby Mountain is based on the assumption that 
they grew under similar metamorphic conditions.  Inasmuch as the 
clinopyroxene and garnet did not grow in equilibrium with each 
other, the temperature estimate is only an approximation.  Using 
the conventions of Raheim and Green (1974) , the distribution 
coefficient between the garnet (average composition of several 
porphyroblasts associated with clinopyroxene, as given in Table 19) 
and clinopyroxene at Ruby Mountain can be determined as follows: 
v     r * J c       r + 3-,   (FeO/MgO) _     c   „ kn (uncorrected for Fe  ) = v    b  gt   =  5.8 
(FeO/MgO) k
       cpx 
K  (corrected for Fe  )  = 6.9 
The amount of ferric iron in the clinopyroxene has been estimated by 
assigning sufficient aluminum to tetrahedral sites until the total 
number of tetrahedral cations (Si   + Al  ) per 6 oxygens is 2.00, 
with the remaining aluminum considered to be octahedral.  Then, 
+3    IV       VI ferric iron is calculated as Fe   = Al   + Na-Al  -2Ti (from 
McLelland and Whitney, 1977). 
o 
Using the following expression of Raheim and Green (1974) for 
the Fe/Mg distribution coefficient (Kn) as a function of temperature 
and pressure, the equilibration temperature of the clinopyroxene- 
garnet pair can be determined for a given pressure: 
T(°K) = a + ~R~ (P'Po} 
In KQ-b 
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Where a and b are constants which can be determined from their 
chemical data, p* is an experimentally-determined pressure coeffi- 
cient for exchange reactions involving Fe and Mg end members of the 
garnet and c1inopyroxene solid solutions, R is the universal gas 
constant, and (P-P ) is the pressure in kilobars.  Inserting the 
values of the constants, this expression reduces to: 
T,on _ 3b86 + 28.3SP(Kbar) 
in Kf + 2. 3J> 
More recently, Ellis and Green (1979) and Saxena (1979) have 
presented experimental data that shows that garnet solid solution 
is not ideal.  Ellis and Green proposed the following equation, 
based on the idea that the distribution of Mg and Fe between co- 
existing clinopyroxene and garnet is a function of the Ca content 
of the garnet as well as temperature and pressure. 
„,<>.,..   3104X„8a  + 3030 «■ 10.86P T( k) = Ca  
In K  * 1.9034    (Ellis and Green, 1979) 
oa 
Where X   is the mole fraction of Ca in the garnet, P is in kilo- 
La 
bars and K = (FeO/MgO) garnet/(FeO/MgO)cpx. 
Saxena (1979) derived the following equation to compensate for 
nonideality of both garnet and clinopyroxene solid solutions: 
„,o.., _ 8288 ♦ 0.0276P ♦ Q, - Q_ 
' I M - 1 £ 
1.9872 In K  = 2.4083 
Where P is pressure in bars, K = (Fe/Mg) of garnet/(Fe/Mg) of 
clinopyroxene, and Q and Q_, are given by the following equations: 
is: 
g3
   -   vf)   ♦   3150xf   ♦   2600X£ ■\g Ca Mn Q.   =   210(X£  X*   ) 50XJT 00X u Fc MR  
Q2   -   -6594[XCFP(XCFP   -   2X^)] 
-12,762[X^   -   X^(l-x£P)] 
-11(281[X^(1-X^)   -   2^P] 
♦ 6137 [X^X^  ♦   X^P)] 
♦35,791[X=P(1   -   2X=P)] 
♦ 25,409[(xg)2] 
-
55
-
157lXCa^?g  "   *?e" 
Table 22 gives estimated temperatures of garnet-clinopyroxenc 
equilibration in the Ruby Mountain gneiss at geologically reason- 
able pressures, using the methods of Raheim and Green (1974), Ellis 
and Green (1979), and Saxena (1979).  The results are within the 
range of temperature estimates of other Adirondack anorthositic 
rocks (McLelland and Whitney, 1977). 
Because of the lack of experimantal data on the mineral 
assemblages characteristic of the Ruby Mountain deposit, 
a petrogenetic grid cannot be formulated to establish absolute 
temperature-pressure regions for the various stages of formation 
of this anorthositic rock.  A probable general scenario follows and 
is elaborated upon in the concluding section of the study. 
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1) intrusion of gabbroic anorthosite magma, followed by 
slow primary crystallization from the melt. 
2) cooling of the crystallized body, resulting in 
exsolution of ilmenite and exsolution-hydration of 
biotite from primary plagioclase through interaction 
with residual magmatic water. 
3) deformational event, resulting in the crushing and 
recrystallization of igneous plagioclase to finer- 
grained metamorphic plagioclase and the recrystalli- 
zation of igneous pyroxenes to metamorphic clino- 
pyroxenes and orthopyroxene (see sections on 
"Plagioclase" and "Pyroxenes" for more detail). 
4) continued deformation resulting in the development 
of a well-defined foliation. 
5) continued subsolidus crystallization of post- 
deformational undeformed plagioclase. 
6) influx of water, resulting in higher P^Q and 
partial transformation of clinopyroxene to both brown 
and green hornblende.  The amount of hornblende pro- 
duced varied locally, as did the color type of horn- 
blende formed.  Water was apparently nonuniformly 
distributed so that it was present in greater 
quantities along some foliation bands than along 
others; where there was a large influx of water, 
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essentially all the pyroxene reacted to form brown 
hornblende.  An additional effect of the variable 
amount of water was a variable f0-,; where water 
pressure was high, fO^ was higher, and this resulted 
in both a local relatively high hornblende/pyroxene 
+ 3   +2 
ratio and a relatively high Fe  / Fe  ratio in 
the hornblende. 
7) development of garnet under conditions of relatively 
high pressure at an estimated absolute temperature 
between 638°C and 782°C, depending upon the assumed 
pressure and the method of calculation.  This tempera- 
ture range may be narrowed to 723°C - 772°C by assuming 
a pressure of 8 kilobars (Whitney and McLelland, 1973) 
and by using the expressions of Ellis and Green (1979) 
and Saxena (1979) which take into account the non- 
ideality of garnet solid solution and of garnet and 
clinopyroxene solid solutions, respectively. 
8) short interval of increased temperature or decreased 
pressure, accompanied by low fO., and resulting in (a) 
breakdown of green hornblende to orthopyroxene and 
calcic plagioclase, (b) breakdown of garnet to ortho- 
pyroxene and calcic plagioclase, and (c) reaction of 
brown hornblende with garnet to yield ilmenite, quartz, 
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and calcic plagioclase (see "Late-Stage Reactions" 
for a more complete discussion of these reactions). 
9) slow cooling. 
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CONCLUSIONS 
The bulk chemistry, the composition of the co-existing minerals, 
and the mineral associations of the Ruby Mountain gneiss suggest 
that it is a very gabbroic member of the Adirondack anorthositic 
suite of igneous rocks.  More specifically, the Ruby Mountain 
gneiss is probably genetically related to the nearby Thirteenth Lake 
anorthosite inasmuch as the dark and the light phase of the Ruby 
Mountain gneiss plot along the differentiation trend that charac- 
terizes the igneous rocks of the Thirteenth Lake Dome. 
The geological history of the Ruby Mountain gneiss, as suggested 
by its chemistry and textures, is as follows: 
1) Relatively dry and very hot gabbroic anorthosite 
magma was intruded at depth, perhaps on the flanks 
of an orogenic belt. 
2) The primary minerals crystallized slowly, resulting 
in coarse grain size as indicated by relict plagio- 
clase megacrysts.  Igneous textures were obliterated 
by subsequent regional metamorphism, but the probable 
igneous mineralogy was labradorite containing small 
+2   +2   +4      +1 
amounts of Fe  , Mg  , Ti  , and k  , titaniferous 
clinopyroxene, orthopyroxene, and iron-titanium oxides. 
A significant percentage of olivine in the norm of the 
Ruby Mountain dark and light phases suggests that 
olivine may have been an additional primary mineral. 
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3) As anhydrous phases crystallized from the magma, 
the remaining melt was enriched in water. 
4) With continued subsolidus cooling, iron, titanium, 
magnesium, and potassium were expelled from the 
plagioclase structure and were expressed 
mineralogically as oriented ilmenite and biotite 
inclusions in the plagioclase; the biotite was 
produced by reaction of plagioclase with deuteric 
aqueous fluids. 
5) A major deformational event resulted in the crush- 
ing and subsequent recrystal1ization of the igneous 
plagioclase, pyroxenes, and oxides.  A strong 
foliation was imparted to the rock at this time. 
The Fe/Mg distribution coefficient between the 
newly-crystallized metamorphic orthopyroxene and 
clinopyroxene suggests that granulite-facies 
conditions were reached during regional metamorphism. 
Peak temperatures were in the range 700°C - 800°C 
at a pressure of 6-8 Kb.  Recrystallization of the 
matrix plagioclase continued after deformation. 
6) Influx of water resulted in the partial transformation 
of pyroxene to hornblende. The amount of water varied 
locally, with foliation planes being major planes for 
migration of aqueous fluid.  The amount of hornblende 
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present locally in the gneiss was controlled by 
local differences in water pressure.  Where there 
was a large influx of water, essentially all the 
clinopyroxene reacted to form hornblende; in 
dryer sections, only part of the clinopyroxene 
reacted, leaving bands of hornblende + residual 
clinopyroxene ♦ orthopyroxcne.  An additional 
effect of the variable amount of water was a vari- 
able f07; where P^-,0 was "igh, so was tne ?Q->> 
+ 3   + 2 
resulting in both a relatively high Fe  / Fe 
ratio in the hornblende (brown hornblende) and a 
relatively high local hornblende/pyroxene ratio. 
7) Dominantly post-tectonic crystal 1iiation of garnet 
followed.  There were two types of reaction sites, 
namely, (1) at the interface between brown horn- 
blende and matrix plagioclase, resulting in coroni- 
tic garnet rims around the hornblende according to 
the following reaction: 
hb., , + pc, , + fe-oxide = ga *■   sodic-pc, . + qu, (b)   ^ (m) b ' (m) 
and (2) at the interface between pyroxene-green 
hornblende aggregates and plagioclase where discrete 
garnet crystals and porphyroblasts formed according 
to this reaction: 
hb, . + cp + op + pc t   fe-oxide = ga + qu. 
190 
Decreasing temperature at constant pressure or 
increasing pressure at constant temperature could 
be responsible for the growth of the garnet. 
Because these particular reactions have not been 
studied experimentally, the pressure-temperature 
conditions for the reactions cannot be determined 
quantitatively.  However, an approximate tempera- 
ture ranging from 723°C to 772DC has been estimated 
based on the Fe/Mg distribution coefficient of 
co-existing garnet and clinopyroxene and an 
assumed pressure of 8 kilobars.  Relatively large 
garnet porphyroblasts are interpreted as having 
nucleated relatively early so that they grew for 
a relatively long period of time; the result was 
the selective fractionation of a relatively large 
amount of Fe  into the porphyroblasts and greater 
chemical homogenization of the larger porphyroblasts. 
In the garnet corona structures, ilmenite may have 
formed contemporaneously with the garnet as the 
reacting hornblende became more and more enriched 
in titanium and ferric iron. 
8)  Subsequent to garnet formation, three presumably 
contemporaneous reactions took place at different 
local sites in the deposit: 
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(1) Some of the garnet porphyroblasts reacted with 
the matrix plagioclase and quartz to form high- 
magnesium orthopyroxene and more calcic plagio- 
clase . 
(2) Hornblende reacted with the matrix plagioclase 
and quartz to form orthopyroxene, sphene, and very 
calcic plagioclase. 
(3) The inner shell of calcic plagioclase in garnet 
corona structures appears to have formed subsequent 
to the formation of garnet through a re-equilibration 
reaction at the interface between the garnet shell and 
the hornblende core. 
These three reactions resemble those proposed by 
DeWaard (1965b) for the transition from the alman- 
dine amphibolite to granulite facies and the reverse 
of those proposed by McLelland and Whitney (1977) for 
the development of garnet with decreasing temperature 
at constant pressure.  Based on (1) the resemblance 
of the reactions at Ruby Mountain to those of DeWaard 
(1965b) and McLelland and Whitney (1977), and (2) the 
composition of the product phases, it is concluded 
that these post-garnet reactions probably were induced 
by increasing temperature. 
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